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This book contains the substance of my lectures i pon Trussed 
Bridges and Roofs as fi:iven to the senior class in civil engineer- 
ing in the University of Michigan. They were mostly delivered 
extempore, but in preparing them for publication I have fol- 
lowed the same order and treated of the same subjects as were 
given to the class, excepting that in the lectures the problems 
pertaining to " Minimum Material " were omitted. 

The lectures were intended to give to the student a correct 
knowledge of the elements of the subject. There was but a 
slight attempt to treat of the details of the several trusses which 
were considered. Indeed it is generally unprofitable to treat 
of isolated details in the class-room. As a general rule, only 
such subjects should be taught in technical courses as admit of 
classified principles. The conditions which determine all the 
qualities of a " detail " are so infinitely varied that only general 
rules can be given for their construction. I am aware, how 
ever, that much more can pix)fitably be done in this direction 
than has been here attempted. 

During the lectures I often suggested problems as exercises 
tor the students. Some of these I have entered in the body of 
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the work^and I have with pleasure given credit to those stu 
dents who first solved them. 

I have not been able to prepare in time for this book the leo 
tores upon Tubular and Suspension Bridges and Arches. 

DeV.W. 

flOBOxm. N. J., yon lUHWii 
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FOEMULAS PERTAimNG TO STRAINS ON SINGLE 

PIECES. 

1, — iNTRODUOTORT REMARK. — In proportioning bridges 
and roofs, and other similar mechanical structures, we generally 
assume, at first, that the several parts are reduced ,to physical 
rigid lines, and the several stresses to which they are to be sub- 
jected are determined on statical principles, without regard to 
the sizes of the piec^es which are to be used. After the stresses 
have been determined, the several pieces are proportioned to 
resist those stresses. The size of each piece may thus be deter- 
mined separately, without any reference to the size or position 
of the other pieces which compose the structure. We may 
therefore determine the formulas which are applicable to single 
pieces when they are subjected to different strains, without 
regard to the ofiice which they are to perform in a given struc- 
ture. This has been done for several of the more simple cases 
in the author's Hesiatanoe of Materials. 

Several of the formulas which are applicable to these cases 
are here brought together for convenience in use; for trie 
proof of which the reader is referred to the author's work 
above mentioned. Some other cases are also added with their 
accompanying demonstrations. 
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3. — NOTATION. — The following notation is used, which U 
here arranged alphabetically. 

A = the area of a transverse section of a piece. 
h = the breadth of a rectangular piece. 

= the modvZu8 of resistance to crushing. 
' d = the depth of a rectangular piece. 

S = the weight of a cubic inch of volume. 
A = the maximum deflection of a piece which is bent. 
d^ = the distance of the most remote fibre from the neur 

tral axis in a bent piece. 
D = the external diameter of a cylinder. 
D^ =. the internal diameter of a hollow cylinder. 
E = the coefficient of dastidty for a longitudinal stress. 
E^ = the coefficient of dasiicity for transverse shearing 
stresSy the approximate value of which is = J JK 

1 = the moment of inertia of a section. 

I = the length of a beam, column, or other simple pieces. 
3f = the maximum moment of applied forces. 
Mgc = the general moment of applied forces. 
P = the load applied at a single point of a beam or other 

piece. 
r = the radius of a circle, and when it is external, let 
/•j = the radius of the internal circle. 
Ji = the modvJAJbs ofrv/pture in a bent beam* 
8 = the modvl/us of rupture for transverse shearing stress. 
Sf = the total transverse shearing stress. 
T = the moduli^ of tenacity, 

w = the load per unit of length when it is uniformly dis- 
tributed. 
W = the total load on a beam. 
X = the variable abscissa. 

y = an ordinate perpendicular to the axis of the piece. 
For values of the moduli and coefficients, see Appendix. 

3. — CASB OF A HORIZONTAIi BBAm 1¥HI€H IS FIXED AT 
ONE BXTRBmiTF AND HAS A HTBIGHT, P, RESTING UPOtl 

ras FREE EXTREmiTTi as in Fig. 1. 

The general moment of P is 

jPx. 
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Fig. 1. 

The maximnin moment of P is 

PI 
The general value of the transverse shearing stress is * 

S.^P. 
The dimensions of the beam to resist rupture may be found 
from the formula 

PI = -3-, and if the beam is rec- 

tangular we have 

PZ=: \RhcP (1) 

If the beam is rectangular the maximum deflection is 

^ = 4-^-4^' 



When the beam is long compared with the depth, we have 
with sufficient accuracy 

"=*:£• w 

Example. — A beam whose length is 12 feet is fixed at one end, free at the 
other, 6 = 4 inches, <f = 13 inches, E = 1,000,000 pounds. Beqoired the 
weight at the free end which wiU deflect it two inches, f 

4. — SUPPOSB THAT THB BEAM IS FIXED HORIZON T A liliT 
AT ONE END, IS FREE AT THE OTHER, AND HAS A liOAD 
CNIFORMIiY DISTRIBUTED OVER ITS HTHOI^E I^ENGTH. — 

The beam may be fixed as shown in Figs. 2 and 3. 
The general moment of the load is 

* The general value of the transverse shearing stress is the first differential 
eoefiScient of the general moment of applied forces in reference to x. 

f When nsed as a text-book the student shotild be required to solve the ex 
amples. The answers are purposely omitted. 
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Fig. 2. 
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The maximum moment of the load is 

The general valne of the transverse shearing stress is 

S^ = tox. 

The maximum shearing stress is 

S, = wl= W. 

The dimensions of the beam to resist rapture from transYen« 
strain may be foimd from the formula 



iF2 = 



EI 



and if the beam is rectangular we have 

iWl = \md* 



(3) 



If the beam is prismatic and rectangular, the maximum 
deflection is 



McP^2£,bd* 

and if the beam is long compared with the depth, we have 
with sufficient accuracy 



J = i 






m 



Example.— If B =: 1,200,000 ponnda, E^ = 400,000 poonds, b = S inohes, 
rf = 6 inches, ^ = ft feet, and the load 20,000 pounds uniformlj distributed oyer 
the whole length, xeqnixed the Tnaximnm deflection. Also the value of JS ia 
Bq. (3.) 
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S. — liBT THV BBAn BB HOB1ZONTAI«, SVPPOBTBB AT 
ITS BNB8 AFTB A HTBIOBT APPIiIBB AT ANT POINT. FigS. 4 

and 5 represent the case. 





FiQ. 4. 



Fio. 6. 



Let = ADy the distance of P from A^ then the general 
moment of P between A and D is 

'""^P«...., (6) 



I 
and between J) and £ it is 



Pc 



I 



(6) 



The Tnaximnm moment of the load is at J), and is 

l-e 



I 



eP. 



•W 



The general value of the transverse shearing stress between 
A and D is 



l-e 



I 



P. 



and between D and ^ it is 






If the beam i» rectangular, its dimensions to resist raptnre 
may be determined from the formuk 

V 

The deflection of the beam at 2> is (omitting the aheariiif/ 
resistanoe) 



x^^ 



6 FOBMULAS PERTAINING TO 

If c exceeds \ Z, the maximnm deflection will be between A 
and D ; but if it is less it will be between D and B. In all 
cases c may be taken on the end which exceeds i 2. If it is so 
taken, the point of maximum deflection is 

8 (Z-o) • 
This yalne, snbstitnted in the following expression : 

y == g^5^ [(c-Z)«' + (c" + 2? - ScOoc] 

will give the maximnm deflection. 

The expression thus becomes very complicated. The more 
common case is that in which the load is at the middle of the 
beam. 

6. — I<ET THE BBAM BE HORIZONTAI^, SUPPORTEB AT 

ITS ENDS, AND SUSTAIN A i«OAD, P^ placcd at the middle. 
The general moment of P is 

\Px (8) 

The maximnm moment is at the middle of the beam, and is 

iPZ..... (9) 

The general value of the transveree shearing stress is 

\P (10) 

If the beam is prismatic and rectangular, we have for the 
dangerons section 

\Pl^\RW (11) 

The maximnm deflection of the beam is at the centre, and ifl 

. pr PI ,.„. 

^ = i827 + i2^' ^^^^ 

wliich becomes for rectangular beams 

and, by omitting the last term, becomes 

^ = iW' ^'*^ 
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BzAXFLBa 1. — ^A beam whose length is 16 feet, Is sapported ai its ends, 
and iato sustain a weight, P = 8,000 pounds, placed at the ndddle. Beqnixed 
the breadth and depth, so that d shall be 46, and B = 1,000 ponnds. 

2.~If I =: 12 feet, 5=1 inch, d = ^ inches, E = 27,000,000 pounds, 
S, = I i?, how much load plaoed at the middle will be xequized to deflect the 
beam J of an inch ? 

7. — liET TBni BEAIH BB HORTZONTAI. AND SUPPOBTBB 
AT OR NBAB ITS EXTBBRIlTIBSy ANB BIAVB A I.OAB VNl- 
FOBaiJLY B18TBIBUTEB OTBB ITS WB[OI«B I«BNOTB« 




C 

FiQ. 0. 



The general moment of the load is 

iw(lx-ar} (15) 

The maximum moment is at the middle of the beam, and is 

iwr=zi Wl (16) 

The general value of the transverse shearing stress is 

\ wl—wx (17) 

The maximum shearing stress is at the ends, and may be 
found by making aj = Ooraj = Zin the preceding expression ; 
hence its value is 

i wl or ~i wl = +i TF. . ..(18) 

If the beam is prismatic and rectangular, we have for the 

dangerous section 

^Wl^^RhcH' (19) 

The maximum deflection is 

which for I'ectangnlar beams becomes 

32 EhcP "*■ SEM ' 

and by omitting the last term beoomes 
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ExAMPLB. — ^If a beam whoee lengtih, / =: 10 feet, deptli, d = 3 inohee, 
breadtih, 6 = ^ inch, coefficient of elasticity, E = 25,000,000 pounds, is sup- 
ported at its ends and nniformlj loaded ; required the deflection when the 
greatest strain on the fibres is 12,000 pounds per square inch. Use equation* 
(19) and (22). 



8. — JLBV TBOB BBAM BB BLORIZONTAIi, FIXBD AT ONB 
BXTBBaEITX-, SUPP^BTBB AT TBLB OTBIEB, AND BLATB A 
WBIGBTT^ Fy APJPJLIBB AT ANT POINT. FigS. 7, 8, and 9. 





Fig. 7 
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Fig. 9. 



To produce the greatest strain, P must be placed at a dis- 
tance of 0.634 of the length of the beam from A; or AD 
= 0.634 1. For this case the general moment of the load :>n 
2>^is ^ 

-0.476 (Z-aj)P, 

iind for the part 2> ^ it is 

(0.169 I - 0.625 flj) P. 

The maximum moment of stress is 

0.174 PI. 

The general value of the transverse shearing stress ia 

Ss = 0.475 P for DBy and 
= 0.525 P for DA 
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For prismatic rectangular beams we have for the dangeroiu 
Bectdon 

0.174 PI =.\RW (23) 

The maximum deflection (omitting shearing resistance) is at 
0.6045 I from A^ and is 

A = 0.00957^ .(3*) 



For rectangular beams, / = iV^<2*. 
For cylindrical beams, / = i tt r^. 



9. — I«BT THB BBAIK BB HOBIZONTAIi, FIXBD AT ONB 
END, SUPPOBTBB AT THB OTHBB^ ANB UNIFOBMI^T I«OAB- 
BB OTBB ITS WHOIiB I«BNGTH. 




Pio. 10. Pio. IL 

The general moment of stress is 

J4 = i t(7aj (4flj— 82) (25) 

The maximum moment of stress is 

Jf=TbT»^ (26) 

The general value of the transverse shearing stress is 

S^ = wx — f wl. 

The maximum shearing stress is at By and equals 

For the dangerous section, for prismatic rectangular beams 
ive have 

\Wl-\RW (27) 

The maximum deflection is 

^ = Th^ (28) 

QUEerriONB. — How does the maximum deflection in this oase compare with 
chat in Article 7 for the aame load ? In which case is the beam most liable to 
break? In which ease is the shearing stress gieater at the middle ? 



10 
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lO, — UBT THE BBAIK BB HOBIZONTAI*, 
BNB8, ANB A HTBIOHT BEST UPON IT AT 
POINT. 



AT BOTH 
1EIBDI.K 




Fig. 12. 
The general moment of stress is 

The maximum moment is at A, or By or 2), being the same 
for each point, and is 

jr= +iPZ (29) 

The general value of the shearing stress is 

Ss = iP. 
The dangerous section for prismatic beams is at Ay or By oi 
Dy and for rectangular sections, we have 

iPl = :^Bbd' (30) 

The maximum deflection is (omitting shearing stress) 

—^^ (31) 

1 1. — MaIEV the beam be HORIZONTAI., FIXEB at BCuTH 
BNB8, ANB A liOAB VNIFOBIHIiT BISTBIBUTEB OVEB kkM 
WHOI«E liENGTH. 




i 1 ■ i ■ ' ■ ■ I J 



FifiK 18. 



The general mtment of stress is 

J4 = ^ [r-6a?(^-^)]... .(33) 
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The maximum moments are 

M^^Wl, which is for A and B (33) 

Jf = Tj^ TFZ, which is for the middle of the beam. 

The general value of the transverse shearing stress is 

The maximum value of the transverse shearing stress, which 
is at the ends, is 

S, = ±i wl. 
At the dangerous section for prismatic rectangular beams, 
we have 

^Wl = iBhd' (34) 

The maximxmi deflection is (omitting shearing stress) 

^ = ^^ (35) 

13^, — INCRBASING I<OAD.-LET THB BBAM BE HORIZON- 

'FAL, SUPPORTED AT ITS END, AND liOADED UNlFORiHIiT 
OVER ITS HTHOLE liENGTH, AND A1.SO AN ADDITlONAIi liOAD 
IMrmCH BEGINS WITH NOTHING AT ONE END AND IN- 
CREASES uNiFOBini^Y TO THE OTHER, as in Fig. 14. The 

IT 




Pig. 14 

space between the lower convex line and the horizontal one 
just above it, is the form of the beam of uniform strength for 
this case. 
Let W = the total weight of the uniform load, 

TF, = the total weight of the uniformly increasing load; 
tnd the other notation as before. 
The general moment of stress is 

JC = (iTF+iTro.-^-^ 

The maximum moment of stress is at the point 
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which value, substituted in the preceding equation, gives the 
maximum moment. The case becomes much simplified by 
neglecting the uniform load. Letting TF = 0, and the genemi 
moment becomes 

and the abscissa of the point of maximum stress becomes x = 
\ y/ Sly which in the preceding equation gives the maximum 
moment, 

The general expression for the transverse shearing stress, for 
the general case, is 

The point of maximum shearing stress is for a = l, and its 
value is 

&\= +iW+iW,. 

* 

13. — PARTIAIi LOAD. liBT TBDB BBAHE BB HORIZONTAL, 
SUPPOBTBD AT ITS BNDS, AND A VNIFOBM LOAD OTEB A 
PORTION OF ITS LBNGTB. Fig. 15. 



Let 2 a = J9 -F = the length of the uniform load ; 

X =1 A ¥-=• the distance to any section from A ; 

C the centre of the load ; 

\^=> A C\ and 

\^B C. 
There are three cases, as follows : 
The general moment between A and D is 

M^ = Fa? or 2 i(?a 4 08. 

in which x must not exceed AD. 
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The general moment of stress under the load is 
The maximum moment of stress is 



M= 



wa 



^r2?,P(a + 2O-2a^J^(Z-i0l (»«) 

The general moment of stress between JS and JE is 

M„= - F. (Z-flj), 
in which a must equal or exceed the horizontal distance A£i 
The shearing stress from Ato J) i& 

^.= F. 
.The shearing stress under the load, from i> to ^, is 

5;= r-^ix-l.+d) (87) 

The shearing stress from ^to B is 

V 

Pboblemb. — Find the Talne of M Eq. (86) when {1= a, and diaonas it in 
reference to {9. Find the Talne of the dieaiing stress for the same case, and 
show at what point it is a maximnm. Find where the shearing stress is zero. 
Discuss the case when Ix r= l%» 



14, — A GBlfBBAIi CASB.— A HOBIZONTAI< BBAM IS EiOAD- 
AT ANT NVniBBli OF POINTS. 

y Tz 




Fio. 16. 



Let the notation be as in the figure. 

Then F=?^and F. 

L 



SPn 
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The general moment of streBS ia 

Vx-FXx-n,)~P,ix-n,), &c (38) 

to include all the termB of J^a in which x is less than the n 
with which it is joined in forming the moment. 
The shearing stress is 

S, = V~P,-F,-F„~&c (39) 

inclnding all the loads between A and the section which is 
considered. 



XS, — OBLiaCE STBAINS^HBAKIS FIXBDA 
A antBSS AFFI.IBD AT TUB PBBB BND. 




Let X be counted from the free end. Then the moment of 
transverse stress in both <»8e8 is 

The maximum moment is at the fixed end, and is 

In Fig. 18 the streBS P, = Peo8 tends directly to compress 
the piece, and in Fig. 17 P, tends to elongate it If the beam 
is rectangular, and breadth h and depth d, the stress on a unit 

P 

of section (square inch) in either case is j-~y and this value must 

be deducted from the modulus of rupture in determiiLJig the 
sti-ength of the piece. Hence we have for rectangular pris- 



8IBAIN8 QH SINGLE PIBOES. 



IS 



matic beams, at the dangerous section, in either case (see 
BesistCMioe of MaieriobU^ Article 114, tliird edition) : 



or. 



p «« A ; = i (i? - 



Pco» e 



\hcP 



EzAHPLBS. — 1. A pzismatio beam whose lengfth Ib 10 feet, Ib indiiied at an 
angle of 80 degrees to the vertical, and is to sustain a weight of 1,000 pounds ; 
tfaemodnliisof rapture (JR) is 10,000 pounds, the breadth is 8 inches; required 
the depth for a ooefficent of safety of iSr. 

2. For the same length, weight, modulus of rupture, and coefficient of safety 
as in the preceding example ; required the dimensions when the beam is 
squave. 



16. — ^TNOIilNBD BBAJn.— I«ST TMB BBARE BB INOIilNBD TO 

THB HORIZOlfTAIi, AND A WBIGHT, jP, BBST UPON IV 
AT ANT POINT. 




Fig. 19. 



Let I =1 AO ^=z the horizontal distance between the centres 
^ the bearings ; and the other notation as in Figure 19. 
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We then have 



V-\-V^ = P, and 



by moments we have 



:. V= ^P/alflo 

By resolving the applied force and reactions, wc hsc^e 

jr= V C09i = -^P COS i. 

L = Y smi = ±-P mi L 

N^ = F, cos i = -* Poos i. 

Z, = F, «m i = -I P ^ ♦. 

JT^ = P COS i. 

L^=^ P am i. 

in this case there is no thrust on A tending to push it over, 
or similar pull on B ; but the whole stress on A and B is 
vertical. But the strain duo to the stress F, is oblique to the 
axis of the beam, and it may be resolved into two com- 
ponents, one of which {N^ is normal to and the other (Zj) par- 
allel to the axis of the beam. The same is true of P and F. 
The original strains are therefore oblique to the axis of the 
beam throughout the whole length. The reaction F^ has a 
component, Z„ which j^'i^Z* on the piece ; and similarly Z, one 
of the components of F, pushes on the piece. The sum of 
these efforts equals the longitudinal component Z, of the 
weight P. 

/• X, = X + jLi, 

or, P sin i = F sin i + Fj sin i. 

In a similar way we have 
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Each part of the beam or rafter A E and B Ej i& now 
under substantially the same condition as those in the pre- 
ceding problem. The dangerous section for prismatic beams 
will be at E^ directly under the weight P. Hence we have foi 
the moments of stress and strain, for rectangular sections at the 
dangerous section. 

Similarly, we may find the strain by considering the reaction 
Fj, thus : 



• • 






There is an apparent discrepancy in these results, the 
quantities within tie parenthesis being different except when 
L = Zj. This may be explained by considering that if the 
weight P is divided in the ratio of F to F„ and the two 
weights removed an infinitely short distance from each other, 
as in Fig. 20; then will the two longitudinal component? oi V^ 
balance each other, being equal and opposite. The same is true 
of V. Hence, within the infinitely short space between a and 
6, there will be no longitudinal strain ; and hence in this case 
we shall have for this section 



I 

and which may be considered true for an ideal transverse sec- 
tion through the centre of action of P, Fig. 19. But this is an 

2 
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ideal case. In Fig. 20, the strain immediately at the left of a 
is given by equation (40) and that at the right by equation (41). 
Hence in any practical case we should use equation (41), if Z 
exceeds Z^ ; and equation (iO) if the reverse be true. 




Fio.90l 



This may be still further illustrated by supposing tliat the 
beam is horizontal, and acted upon by the resolved forces of 
Fig. 19. Suppose in Fig. 21 that there is a pin at ^ to resist 



r 


P 


f' 


1/ < ^* 1 


f 




- > L ^ — •- 





Fio. 21. 



the strains which in Fig. 19 were induced by P. Then the 
force Zj pulls along EB and finally against the pin E. Simi- 
larly, the force L pushes along AE^ and finally is resisted by the 
pin. Hence, at the left-hand side of the pin, E^ the pressure is 
Z,^ L + L^\ but just at the right of that point the pressure 
is Z, as before stated. 
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17, — A liOADBD BRACE.— LBT A BBAAI OB BBACB BBCT 
AGAINST AN ABCITIXIBNT AT ITS liOHTEB BND, AND AGAINS1 
A VKBTIOAIi ITAIili AT TUB UPPBB BND, ANB SI^PPOBT A 
WBIOUT, P, AT ANT POINT. 

Figure 22 represents the case ; for it ^g^!L^c 
makes no difference at the upper end 
whether it rests against a vertical wall, i 

or post, or other vertical surface; or 
has a liorizontal force applied there j-i ^*^ \^ Hi^ 

which is sufficient to keep it in the . Tp 

same position as a vertical surface. ^j^ ^ 

Let AB = the length of the brace (or rafter) ; 
D = A£ = the rise ; 

I = JSB = the run, or horizontal projection ; 
P — the weight which is applied at G ; 
fd = BF = the horizontal distance of the point of 

application of the weight P from B / 
tf = the angle BGF= BAE ; 
P, = the reaction of the support B ; 
H^— the horizontal pressure at B ; 
H^=z S^ the horizontal pressure at A. 

It is a principle of statics that the sum of all the horizontal 
components of the applied forces, for equilibrium, is zero; and 
similarly for the vertical components. 

Hence P = P„ 



J7= j?; 
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Taking the moments about B^ and we have 

HD^Pra 

..H^n P^ =2nP tang (42) 

Taking the moments about J., and we have 

P,l=iH,D -¥ (l-'n)Pl, 
in which make P, = P. Eeduce, and we have 

S =z n Pjj =z nP tang 6 as before. 
In a similar way, assuming that S = JTj, and we fini 
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Reeolviog the force ^into two otliere, one of whicli ahull Im 
perpendicular to the axis of the beam, and the other parallol to 
it, OB BhowQ in Fig. 23. and we have 



L' ^:]I sinB = nP tang 8 tin 6 = nP -i. 

^ coed 

JT' = Majs 0=:nP tang cos $ = nJ* sin 
The components of P are 

JV=Pdn0 (43) 

L = P eo8 e. (44) 

The compreBsiou due to the longitndinal components are :— 

between A and G, L'^=nP 3 ; (46) 

between O and B^ 

L + r = ^SnBm'0 + co^0~\ (46) 

The same resnlt may be obtained by reBoIving the forces at 
the lower end. 

1 8. — DISCUSSION OV TBE FKBCBOtNG CASK. 

1. If the rafter is vertical 6 = 0, and equatioii (45) gives £ 
■=■ 0, and equation (46) gives L =: P ; and (42) gives S = <i, 

2. If the weight is placed at A, we have n = 1, and 
equation (42) gives H = P tang 0, and 
equation (46) ^ves L + L' = P see 0. 
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8. If jP is placed at the lower end, or at B^ we have f» = 0^ 
A»d equations (42) and (46) give zero, while (46) gives P 
C08 0. This does not give a strain, but is simply the longitndi* 
nal component of P. 

4. If P is applied at the middle, n = i, and we have 

JBT = i P tang 0. (47) 

X' = i P tanff 0dn0 (48) 

X + Z' = j^r* w»« tf + <»/ tfl (49) 

6. If the rafter is horizontal the several strains become 
infinite. 

19* — The moment of transverse stress between A and £7ii 

in which a^ is reckoned from A. And between O and ^ it is 

{]!r^ir)x = {l-n)Pxsin0 

in which x is reckoned from JS, 

Hence, for rectangular beams, we have for rupture between 
A and C7, 

• V oacos / 

The dangerous section is at Oj for which we have 

• \ Od 008 / 

Pboblbms. — 1. A beam whoee length Ib 30 feet, breadth 6 inohea, depth 
18 inohea, ia inclined at an angle of 60" to the vertioal ; required the weight 
which it will safely aoatain when placed at the centre. Gall E 1,000 pounds. 

9. Beqnired the load at the centre which the same beam will sostain if hori- 
Bontal. 

8. Beqnired the load which a beam of the same breadth and depth as in ez* 
ample 1, and whose length is the horisontal projection of that beam, will ana* 
tain if placed at the centre. 

30* — liOADBD RAFTEB.-CA8B OP A RAFTBR WHICH It 
LOABBO 1JNIFOBHI«ir OVER ITS WHOI«B liBBTGTH. 

Let w = the load per unit of length, 
a = any distance measured from Aj 
W = the total load on the rafter, and 
{ = the horizontal projection of the rafter. 
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Fts. M. 

Taking the moments abont B we have 

.■.M=i W^=^Wtange. (51) 

which according to Eq. (47) is the same as if the whole load 
were concentrated at the centre. 

The load on e is wm and according to equation (44) the Ion- 
citndinal component of it is 

L = vxeeoa0, (52) 

-vnti the ton^tudinal component of the thrust at the npper end 
is 

Z' = Seine =^ Wt<mg0 8inB ; (53) 

which according to equation (4S) is the same as If the whole 
load were concentrated at tho centre. 

Hence the total compression at any section whose distance 
from Ai»x,\& 

Z+Z'=mc<»s^+i Wtang 6 aim, 6 (64) 

At the lower enil x becomes AB and we have 

^ + X' = ij-^rScos*^ + «w»'*l = s-^Fl + WW** I --(65' 
2oo*fl|_ J 2(»a(9L J ^ 

At the middle x = \ AB and tiie longitadin&l compreaaion 
at the middle is 

4 Wteee (56) 
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. The normal component of uET is 

iST' = Hcos fl = i Wta/ng e<m0v^ ^Wdn 0. 

The normal component of the load tox is 

J!r= wx sin 6. 
Hence we have for the equation for rupture at any point, 
for rectangular sectionB, 

or 

3 azn 6^ 2oaco8 1 ' 

From equation (67) we have 



h^i^rWx^w/]^. J^oo^^^Wsin^0 



HcP \ P* Jid '^^Bdoosff 



If the depth be constant we may easily find from this equa- 
tion tlie position of the dangerous section. By differentiating 
and placing equal to zero we have 

dh 3 «m fl r -rpr Q "I wcos ^ 
dx Bd^ \^ J^ jRd 

/. aj = i AB + ^ootO. 

This value in Eq. (57) enables us to find the proper value 
for b. 

It is much more difficult to find the position of the dangerous 
section when b is constant and d variable. 

Examples. — 1. A rafter whose leng^, A B, is 20 feet, breadth 2 inches, 
depth 6 inches, indination to the vertical 60 degrees, is loaded uniformlj 
over its whole length. If iS = 1,000 pounds, required the load which it wiU 
sustain. 

2. A rafter whose length is 20 feet, breadth 2 inohes, inclination to the hori- 
zontal 25 degrees, B = 800 pounds, is required to oany 40 pounds per foot of 
its length ; required its depth. 

121. — STBBNGTH OF piiiiiABS. — The general' formula foi 
determining the strength of long prismatic pieces which arc 
subjected to longitudinal compression is 

/>==^jB7..........!....:..(68) 
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The strenji^ of square pillars which rest on a flat base 
and the npper end of which is also flat and secured in its posi- 

tion, may be determined from the following 
theoretical formula. 




P = 



-IT* Eh" 



(59) 



If the columns are cylindrical, with the same 
conditions in other respects, we have 






(60) 



For hollow cylindrical columns, wo have 






(61) 



These formulas, according to Navier and 
Fig. 25. Weisbach, should be used only when the length 
exceeds 20 times the diameter for cylindrical 
columns, or 20 times the least thickness for rectangular col- 
umns; and Navier says that only -^ the calculated weight 
should be used for safety for wooden columns, and i to -J- for 
iron ones, but Weisbach uses -^ in the case of cast iron and of 
wood. 

Practical men are disposed to distrust these formulas as 
being too theoretical. They use instead thereof Hodgkinson's 
empirical formulas, which were deduced from a long series of 
experiments ; or Gordon's formula, which was deduced from the 
same experiments. The results given by these formulas do not 
differ very largely from those given above. 

33. — 60BB01f*8 BVEiBS FOR THB BRBAKING ITBIGHT IN 
POUNDS, OP IRON PIIiliABS iriTH FliAT BNDS, TUB BNIM 
BRING SBOURBD SO THAT THBY CANNOT MOVB liATBRAI^IiT, 
AND BVBNIiY DISTRIBUTBD OVBB TUB BND SUBFAOBSU 

The thickness of the metal in hollow columns not to exceed 
i to j^ of the external diameter. 



voB OAST neoK 



HOLLOW CYLINDRICAL PILLARS. 

80,000 A 
, ^ = ' — W 

1 + 



? 



(62) 



800 /;■ 
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in wluch A = the sectional area of the metal in sqnare incheB, 
I = the length of the pillar in inches, 
D = the outer diameter in inches, 
P rr the breaking Idad in pounds, and 
80,000 = the crushing strength of cast iron, which 
is a low value, and hence safe. 

FOB WBOUOHT DtOK, 

o -. 86,0 00 A 

7~II~ («^ 

■^ 8,000l? 

SQUABE HOLLOW HLLABa 

o 80,000^ 

lt)B OAST IRON, Jr = •' ji 

^ ^ 633 *• 

„ 36,000 A 

TOR WEOUGHT lEON, jP = ■ li"""" 

^ + "poo F 



SOLID PILLAB& 

-^ 80,000 A 

~^ 

266 J* 

-. 36,000^ 

3,000 y 



FOB OAST IBON, jr = ^ /g^\ 

uv v/vv -a. * 
FOB WBOUOHT IBON, P = ^ ^ /jjv 



93. — msL. c. 8HAI.B1I sniTH's PORXVifA for the strength 
of white or yellow pine square pillars. 

6,000 
^ " 0.004r (66) 

* For tables oomimted from these fomralas, see TrauiwMi Enginmt^i 
F^HiketrBook, pp. 238, 239 and 340. 
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d^.-^-HOBGKINSOlVS FORMUI^AS. 

TABLJB 



In which P 

d 

d, 

I 



Far the absoluU strength of eolumm. 

crashing weight in gpross tons, 

the external diameter, or side of the column in inohei, 
the internal diameter of the hoUow in inches, and 
the length in feet. 



Kind of Cohmui. 



Solid Qylindrical Columns of ) 
cast iron ) 

Hollow Cylindrical Columns ) 
of cast iron ) 



Both eDdixocmded, the 
length of the oolnmin ex- 
ceeding fifteen times its 
diameter. 



P = 



torn, 

U.9 -jr.. 



1 



Solid Cylindrical Columns of 
wrought iron 

Solid Square Pillar of Dant- ) 
zic oak ) 

Solid Square Pillar of red ) 
dry deal J . 



P 
P 



= 13 



I.TC S.fC 



p-T 



= 42 



tL 
V 



T« 



Both ends flat, the leAgth ol 
the column exceeding rthirtj 
times its diameter. 






P = 44,16-^ 



P= 44.84 



».M t.lS 



P = 133.75 



d»- 



P.'' 



P = 10.95 p 
P = 7.81 |i 



The above formulas apply only in cases where the length ia 
so great that the column breaks by bending and not by simple 
crusliing. One-fifth of the results given by these formulas, is , 
considered safe in practice. 

If the length of the column is less than that given in the 
table, and more than four or five times its diameter, the strength 
is found by the following formula : 

• P OK 

'^=7i:-w <"> 

in which P = the value given in the preceding table, 

K =^ the- transverse section of the column in square 

inches, 
C = the modulus for crushing in tons (gross) per 

square inch, and 
W = the strength of the colunm in tons (gross).* 

* James B. Francis, G.E., has published a set of tables which gives the 
■tieiigth of c&st-iron eoluinns, of gtrexi dimeiislQns, by means of equation (67\ 
and also by those given in the above table. 



STBAIZrB ON SINGLE PIB0B8. 



87 



35 « — ir£IGHT OF PII«I<AR8. 

TABLE 

0/ th€ weights in pounds of piUars in terms of their lengths if) in /mI, uihe^ 
loaded to o^ne-fifih their crushing si/reiigth (P) in pounds. 



Kind of Pmar. 



Solid Cylindrical Gol- 
nmn of cast iron. 

Hollow Cylindrical Col- 
unuiB of cast iron, 
di =nd, 

if n=0.»8 

if n=0.95 

if n=0.9a6 

if n=0.00 

if n=0.a75 

if n==0.86 

if n=.0.80 

n=0.75 



SoUd Cylindrical Col 
nmns of Wrought 
Iron, 



Weight In ponndt. 



Both ends ronnded. 
i>Vid. 



0.023926469 (P.^-^^^ 



0.024892078 



iiif 



"rii 



0.008881655 (P.P-") 
0.006001775 (P.P^O*^ 



0.007265678 (P.r»^ 



xii 



TT¥ 



xij 



0.008396144 (P.^«^ 
0.009878430 (P.r-«) 
0.010261387 (P.P-")"^ 
0.011862713 {RP^^^ 
0.013297905 (P.?")"^"* 

0.014115881 (P.P-^"^ 



Both ends flat. 



0.009321706 (P.p.«»)T:TTy 

1— »■ 
0.009300164 ,^ ^,.»> . 3 

0.001658138 (P.j"-«|)T:^t» 
0.002489827 (P.p-*w)T:^ 
0.002987882 (P.i»-«»)T7fT» 
0.003406063 (P.P^^tijtWt 
0.008778531 {Rp-*nyr:hj 
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TBUBSED BBIDOBS. 

■ 

CHAPTER L 

DEFINITIONS AND DATA 

96* — iiBPiifinoNS. — A mrBuoTinBiB is an assemblage of 

pieces so joined that the whole may act in sustaining weights, 
or the pressiire of water, or the pressure of wind, or other 
physical pressures. The points at which the pieces are joined 
are usually called joints. Tlie pieces between the joints are 
usually rigid, although this is not necessarily the case, for a 
flexible piece as a rope, wire, or chain, will resist a pvU as 
efPectually as a bar of iron. Structures may be composed of 
earth, or masonry, as well as of iron, wood, or other materials. 

A FRAHB is a atruoture which is usually composed of wood, 
or iron, or both combined, the pieces being joined at points, 
and the whole so constructed, arranged and secured that it may 
carry loads, or resist the action of external forces. 

A beahe is a simple or compound piece which is usually 
supported at its ends for sustaining a transverse or oblique 
stress. Beams are sometimes built up, in which case they may 
be called compound beams. 

A omDBift is either a simple beam, or a framed assemblage 
of pieces so constructed that it may carry loads when it is sup- 
ported at its ends or at other intermediate points. 

A TRUSS is a framed girder. It is a frame^ hut a fratM 
Implies more than a truss. A frame is a more general term. 
We gpeak of a framed house, but not of a trussed house. 
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fkiunAng relates to the joining of the parts, truMmg to arrange 
tug the parts so that the frame may not be distorted nnder the 
action of the forces to which it is to be subjected. Boofs are 
often trussed. Many bridges are called trussed bridges. Truss- 
iiig generally implii 5mJ^. Thus, a troBBed p<Son is . 
braced partition. In bridges and in roofs, tie% often take the 
place of hracea. The distinction between gwdeT% and trtt89e$ is 
not always made, although the tendency seems to be to use the 
former as a dignified name for a beam, and the latter as applica- 
ble to braced and tied structures. 

A Mon-TBiTss is a truss which has no support at one end, as 
in Fig. 56. 

A miiiKiB is a structure over a river or other body of water 
for supporting moving loads. It usually connects two roads in 
such a way as to form a continuous road. A bridge may be a 
Jrame^ or it may be an arch, or it may be composed simply of 
beams, or it may be suspended by cables. These several forms 
give rise to several classes of bridges. For the purposes ol 
analysis it is convenient to divide them into— 

1. Trussed Bbidoes. 

2. Tubulab BBn)OBS. 
8. Suspension Bbidges. 
4. Abohed Bbidoes. 

6. Compound Stbugtubbs. 

Each of these admit of several subdivisions, as will hereafter 
appear. 

A TiAiiiTcrr is a structure for carrying a roadway over low 
ground, where there is not necessarily any water. The struc- 
ture may be in all respects like a bridge. 

A ohobh is the upper or lower member in a truss. It 
extends from end to end of the structure. There are usualljr 
two chords, an upper and a lower chord. These may be 
parallel, as in Figs. 69 and 88, or the upper one may be curved 
(arched) and the lower one horizontal, or both may be curved. 
These pieces by some English writers are called booms ; and by 
others, stringers. The lower chord is often called a tie. The 
upper chord is sometimes called a straining beam. 

A TiK is a piece which connects two parts and is subjected 
to tension. 
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A sTBCT is a general term which is applied to a piece in a 
trass which is subjected to compression. In proportioning it, 
it is treated as Apillar. In its more restricted sense, it is a 
^kort piece which is subjected to compi-ession. 

▲ TiB-STBUT or STRUT-TIB is a piecc which may be sub* 
jeoted to tension and compression at different times, for differ-^ 
ant conditions of loading. 

>. A BRACK is an inclined piece which is subjected to compres* 
tton. It is an inclined strut. In bridges, braces are sometimes 
distinguished as mairirhraoes and oounter-brdcea. This distinct 
lion is quite unnecessary in ah analytic point of view, as will be 
seen hereafter, but it is so common in practice that it will not 
da to ignore it. 

.« • A MAiN-BRAOB is a bracc which inclines from the end of a 
laross towards the centre, as in Fig. 26. 



I . 



> ■ 




UPPER 
CHORD 



LOWER 
HORD 



Fio. 26. 



^, A couNTER-BBACB is ouc which inclines from the centre 
and toward the ends. In the same panel the counter-brace 
inclines the opposite way from the main-brace. See Fig. 26. 
t > A TiB-BRACB performs the ofSce of both main and counter- 
l^tace. It is the same as a tib«stbut. 

• lA KING-POST is a term applied to a truss in which there is a 
Central tie (or post) and two braces resting against it as in Fig. 
S^. This is an old and familiar term, and came into use when 
the central piece was made of wood and resembled a post, al- 
Jbough its office was that of a tie. A hraced post or a Iraced 
ticy would seem to be a more appropriate mechanical term. 
' A <irBBi^«po8T TRUSS is a trass in which there are two 
pi'Sts (or ties) and against which rest two braces. The horizon 
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tal piece between the upper ends of the poets is ofteil Called a^ 
straining beam. See Fig. 49. This is also an old term atidf 
has become familiar with long usage, but, mechanically speaks 
ing, it would be much more appropriate to call it a traw^* 
asoiDAii TRUSS. There are other forms of trusses which in out* 
line resemble a trapezoid, and it does not seem necessary to^ 
separate this case from thie more general one. It may, however,^ 
bo desirable to do so on account of its frequent use in roofs, and 
bridges of short span. -' 

9T. — THB i«OAB. The load on a bridge consists of two 
parts ; the first part being permanent and due to the weight of* 
the bridge, is sometimes called the " dead load ; " and the sec^' 
ond part being " temporary," is composed of moving trains of 
cars, or teams, or persons, or other loads. The latter is some-* 
times called ^ the moving load," or " the live load," or " the 
surcharge." The eivk i<oab may be assumed, or is given in^ 
the original data, but tlie perihanent i«oad must be assum- 
ed, and can be accurately determined only by successive ap ' 
l)roximations. For it is dependent upon the thing which we. 
seek viz., the dimensions of the parts of the bridge. We there , 
fore, at first, assume such a value for the total weight as is in 
dieated by other similar sti^ctures, and after the dimensions of 
all the parts have been computed, the weight is calculated from 
these dimensions ; and if the assumed weight does not largely 
exceed the computed weight, it will not be necessary to review 
the calculation. 

I have examined the weights of several wooden raiboafl 
bridges, and 1 find that for spans of about 150 feet, they aver-, 
age about 1,200 pounds per linear foot. We may assume for iron 
bridges of spans from 100 to 180 feet, from a half to three- 
fourths of a ton, and from 180 to 250 feet, from three-fourths 
to one ton per foot ; and for spans of 300 feet, about IJ ton^ 
net. ., 

The Conway tubular bridge, England, weighs about 3,000,00ft 
pounds and is 400 feet long, and hence weighs about TySOO- 
pounds per linear foot. 

The liiTE iiOAD is generally assumed to equa? or slightly ex* 
eeed the greatest load which we think will ever be placed upon 
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the bridge. For a ndlraad bridge the heaviest load would be 
that of a titun of locomotives, extending fn)mend to end of the 
bridge— or at least over one span of it If the bridge is long 
it is not probable that so heavy a load would ever be placed 
upon it, but it makes the computation much more simple to 
asstime tliis load, than it does to consider one or two locomo- 
tives followed by a train of cars which is much lighter ; and 
the error, if any, which results from the oMurnptioiiy is on the 
safe side. 

English and American engineers assume tliat a train of loco- 
motives will weigh one ton (gross) per foot of length. Morin 
says that the French locomotives weigh about f of a ton pec 
linear foot* The maximum weight of a train of merchandise 
on the road from Paris to Lyons is given as 1674 kilog. per 
metre of length,* or more thim one-half ton (net) per foot 
. In Traite Theoretique et Pratiqrie on the construction of 
metallic bridges by MM. L. Motinos and 0. Ponnier, p. 60, the 
following values are given ; the length in metres, the weights 
i 1 1 rench tons. 



Loigth of the Span. 

Weight per metre 
of length uni- 
formly distri- 
bnted. 



4m 



tons 
8 



6m 



10m 



16 



flU 



4.7 



4.5 



ao 



4.5 



40X 



4.5 



flO 



Which in English units gives, to the nearest tenth, 


Length of Span in f^et. 


18 ft. 


1»X 


1.8 


4SH 
1.5 


65 

1.4 


1.8 


1.3 


180 


196 


Weight per foot of length 
uniformly distributed. 


torn 
2.5 


2.2 


1.8 


1.1 



So that for long bridges they recommend rather more than 
one ton (net) per foot. It is advisable in all cases to allow a 
larger coefficient for safety for short spans than for long ones, 
for they are liable to be subjected to much gi*eater concen- 
trated loads and to more severe local shocks. As much as 
16,000 or 18,000 pounds may rest upon the driving wheels 



* Morin, Renttanoe des Mat^riaux, pp. 838 and 384. 
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of an engine, which load extends over a few feet only. In this 
coantry one ton per foot is commonly used. 

For common road bridges we may safely assume that the 
maximum load is what it would be if completely covered with 
men. 

For suspension bridges the French engineers use forty pounds 
per square foot* Navier recommends 42 pounds per square 
foot.t But a crowd of persons will weigh much more than 
this. Picked men closely packed in one experiment weighed 
eighty-four pounds per square foot. An experiment by Mr. 
Nash, architect of Buckingham Palace, in which he wedged 
men together as closely as possible, secured 120 pounds per 
square foot, j; 

98 • — ^SAFB i«OAii. A structure should not be so heavily load 
ed as to damage the elasticity of the materials which compose 
It. It is impossible to tell the exact load which the structure 
can sustain without passing this limit, but considerations of safely 
and durability demand that one should keep on the safe side. 
Hence it is often the case in practice that bridges are made 1^ 
to 2 times as strong as would be absolutely necessary if the 
materials were all of a known standard quality and the work- 
manship practically perfect. In order to make the structure 
safe against all these contingencies, it is made several times as 
strong as is necessary for sustaining the load at the crushing 
limit. 

99. — Tns FACTOR OP 8AFBTT Is the ratio of the computed 
strain to the actual strain ; or in other words it is the ratio of 
the load which would just crush the structure to the assumed 
load. There is no absolute rule for determining the proper value 
of ih\& factor. Its value is assumed arbUrarUy by the engineer, 
although its extreme limits may be determined by experiment 
and observation. For instance, experiment shows that ttke/ao- 
tar for the tension of wrought iron should never be so small as 
2 ; and when the load is applied without shock it ought not to 

be less than 3. It seems evident also that it is unnecessary to 

~*-~-~^-~-^^^— ^^^— — - - 

* Mahan^s Oiv. Eng.^ p. 257. 

t WeiBbftoh^s Meoh, and Eng. (8d Ed.), Vol II. p. 61 
X Tzautwine^s Bng, Pocket-Book^ p. 297. 
3 



S4 TBEATUS QK- BRUGES. 

allow BO large a factor as 10, or 8, or even 6 for wrought ircn: 
where there is no shock. But in all practical cases in bridge 
construction there is some shock due to passing loads, and hence 
we may assume 2k factor as large as 6, as is shown in the following 
list. Between these limits its value depends chiefly upon the 
choice pi the engineer. From 4 to 5 is a very common value 
for wrought iron subjected to tension or cross-strain, from 4 to 
6 for cast iron, a^d 10 for wood. 

The following are the values used by several engineers and 
authors : — 

ISfesSrs. May and Grissel - 8 

Mr. Brunell 3to6 

]|!^es8rs. Basbrick, Benton and others ; 6 

Jlllr. Hawkshaw *. 7 

jir. Glyn 10 

Bow for wrought-iron beams 3.5 

jtV^eisbach, for wrought iron 3to4 

Vicat for wire suspension bridges. more than 4 

^Khk, iron truss bridges H^^ I^?. "^'^ J™f« ^^t 

. . ^ ( ^^r cast-iron chords 7 

(Fairbaim, for cast-iron beams 6to6 

.0. Shaler Smith, compression of cast iron 5 

Bankine and others, for cast-iron beams 4 to 6 

Mr. Clark in Quincy Bridge, lower chord 6 to 7 

Washington A. Eoebling, for suspension cables 6 

The Detroit Bridge and Iron Company 5to6 

Morin, Vicat, Weisbach, Eondelet, Navier, Barlow, and 

many others say that for a wooden frame it should not 

be less than 10 

For stone, for compression 10 to 16 

• 

Mr. Fairbaim deduced the following conclusions from ex- 
'periments which were made by him in regard to beams and 
*^rders, whether plain or tubular. "The weight of the girder 
and its platform should not in any case exceed one fourth 
the breaking weight, and that only one-sixth of the re- 
maining three-fQurthfl of the strength should be used by the 
moving load." According to this statement the maximum 
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load, including the live and dead loads, may equal, but ahonld 
not exceed, 

i + ioff = f 
of the breaking load. Hence ^e factor of safety must not be^ 
less than 2.66 when the above conditions are fulfilled. This^ 
value is, however, evidently smaller than is thought advisable 
by most engineers. 

The rule adopted by the Board of Trade, England, for rail- 
road bridges is ^^ to estimate the strain produced by the greatest 
weight which can possibly come upon a bridge throughoiit 
every part of the structure, which should not exceed onerjifih' 
the lUtimate strength of the metalP They also observed that 
ordinary road bridges should be proportionately stronger than 
ordinary railroad bridges. 

30. — ABSoiiUTB noDuiiUS OF SAFKTT, -Sometimes an ^t- 
bitraiy value is assumed for the maximum strain in pounds per 
square inch to which the material may be subjected. Such a 
value is called the absolute modvlAM of safety. 

The following values are generally assumed for the modiUus 
of safety. 

Poonds per square laoHl t 

Wrought iron, for tengion or eampreuion^ from 10,000 to 12,000^ 

Cast ii<m, fox tenHon, from 8,000 to 4,006 

Casfc iron, for eompresnon^ from 15,000 to 20,000 

Wood, termon or compression, from. ••••••. B50 to 1,200 

r granite, from 1 400 to 1,200 

«. . qiiartz,from 1,200 to 2,000 

^^^^.compressum^il^^^^^^^^^ '3^^ ^^^ 

[limestone, from^.^«. 800 to 1,200 

The practice of French engin^^rs,* in the . construction of 
bridges, is to allow 3.8 tons (gross) per inch upon the cross-sec- 
tion, both for tension and compression of wrought iron. 

The Commissioners on Bailroad Structures, England, estab- 
lished the rule that the maximum tensile strain upon any part 
of a wrought-iron bridge should not exceed five tons (gross) per 
square inch. 

31. BXAlHPIiSS OF STRAINS THAT HAVS BBEN USBB HI 

pRAOTiOAii OASES. The margin of safety that has been used 

* Am. a R. Times, 1871, p. 6 
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ID yarions stractaree may or may not Borve as gnidos in design- 
ing new stnictures. If the margin for safety is so small that 
the structm^ appears to be insecure and gives indications of 
&ilare, it evidently should not be followed. It serves as a warn- 
ing rather than as a guide. If the margin is evidently exces- 
sively large, demanding several times tlie amount of material 
that is necessary for stability and durability, it is not a guide. 
Any engineer or mechanic, without regard to scientific skill or 
economy in the use of materials, may err in this direction to 
any extent But if the margin appears reasonably safe, and 
the structure has remained stable for a long time, it serves as a 
valuable guide, and one which may safely be followed under 
similar circumstances. Structures of this kind are practical 
cases of the approximate values of the inferior limits of the^/%k>- 
iara of safety. The following are some practical examples : — 

IBON TBUSSICD BBIDOBS. 



"MAMm or 



FwmaXo {LaUks) 

Place de rSuxope (Lotties) 

Oanastoto (^. F. C. B, R) {Lattice). . . . 

Newark Dyke ( Warren Qirder) 

Boyne T\aAvicA {Lattice) 

Chkring Gran (ZoltiM) 

St. Charles, Mo. (WMppic Trtue) 

LooiavUle, Kj . {Firik Trum) 

Keokuk and Hannibal 

Qninoj Bridge 

Kansaa City Bridge 

Hannibal Bridge (Q^adrang^iiar Trues), . 



•nNnoH. 

Tonn 

per aqnara inch. 


OOMPmBBUOV. 

Tons 
per aqiuure likOh* 


6ito 6 
4 
5 
Q 
5 
Q 


4ito5i 
81- 

4 
5 

4 


Bounds 
pvaqnan iaolu 


Founds 
per aqoara laOh. 


12,000 

7,000 to 13,000 

9,261 

10,000 


12,000 
i to |the strength 

8,062 
Factor of 8afetgr,6 


Factor of aaf etj, 5 


Factor of saf eigr,5 
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•MAMm cm ram saiDoa. 



Oiunberiand VaUer B. B. Bridge. . . 
Portage Bridge (ilr. 7.4tE,ILB.), 



085 pounds per square inch. 
Factor of safely, 20. 



EXAMPLES OF BRIDOES. 



SI 



SUSPENSION BBIDGES. 



HAHB or THE BBIDOI. 



Menai 

Hammeismith 

Pesth 

Chelsea '. . . . . 

Clifton 

Niagara , 

Saspensioii Aqnedact, Pitte- ) 
burgh, Pa. 7 spans each, ) 

Cincinnati Bridge 

East River 

Highland {proposed) 



Span in feet 



680 
422i 
666 
884 

702i 
821 

160 

1,057 
1,600 
1,600 



strain in tons 

per aquare 

inch. From 

Bridge. 



4.21 
6.88 
6.01 
4.86 
2.90 
6.70 



9.1 

• • • • 

• • • • 



strain in tons 
per square 

Inch. Bridge 
and Load. 



8.00 
9.86 
8.11 
8.07 
6.03 
8.40 



11.7 

• • • • 

• • • • 



Factor of 
safety. 



8.9 
8.8 
3.9 
3.9 
6.4 
5.8 

4.0 
6.2 
6.0 
6 



TUBULAB BRIDGES. 



rtAtrm OT IIBtDOB. 


8PAV. 

Feet. 


FOB WXIOHT OF BBIDOI 
AND LOAD. 




Tendon. 
Tons. 


Compression. 
Tons. 


Conway • 


400 
460 

• • . 


6.85 
8.00 
4.75 


* 

5 03 


Britannia (Central span) 




Penrith (Tubular Girder) 


4 25 







CAST IRON ARCHES. 



HAICX OF THE ABOH. 


BPAK. 

feet. Inches. 


TKBSBD aam, 
feet inches. 


BTBAZir 

PBB SQnABB 

INCH IN TOKii 


Austerlitz • 


106 
152 2 
102 5 
137 9 
197 10 
120 


10 7 
16 1 

11 4 

15 

16 5 
20 


2.78 


PftTTOT»**<;*l ....••.•..••t.*««*.«T... 


1.46 


St. Denis t . 


1.37 


NevoTB. 


1.90 


Rhone • 


2.37 


W^estminster 


3.00 
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STONE ASOHES. 



IKJiMMOrTBMAaaiL 



Wellington 

Waterloo (9 Arehea) . . . . 

Keuilly 

Taaf (ScnOh Wales), 

Tuzin. 

London 

Chester ■. 



Spaa In fiaet. 



100 
120 
128 
140 
147 
152 
200 



Yened aine 
In feet. 



15 
35 
32 
35 
18 
88 
42 



per 

vqnare Inch 
in poanda at 
the key. 



175 
151 
172 
244 
293 
215 
849 



Factor of aife- 
ty at the point 
ctf greatest 
strain. 



11.8 
20.0 
11.6 
&0 
10.2 
14.0 

*a6 



CAST STEEL ABOH. 



HAHBOTAXOB, 


BPAH. 

feet. 


r AOTOB or 

BATXTT. 


niinoifi and ftt, T*oniff Bridire. , , . 


515 


6+ 







STONE FOUNDATIONS. 





vACfTOB OF Bimnr. 


PillaEB of the Dome of St. Peter'g (Borne) 


16 


" '* " St FtaiVa {London) 


14 


" ** " St. Genevieve (PflfTM) 


7.6 


Pillars of the Chnrch Tonssaint (Angers) 


10 


Merchants^ Shot Tower (Baltimore) 


4.8 


Tiower conTRef? of Britanpfft Bridge. 


81 


Lower courses of the piers of Neuilly Bridge (Pa/ris) 

Foondation of St. Charles* Bridge (Missouri) 


15.8 
12 to 14 


FoflT^datinnis of Bnflt BivfiT B"(^g«^ *. . , , x . . . . ....... . * 


10to20 







* ** In the stonework the pressures vary from 8 to 26 tons per square foot. 
Stone used is granite, selected samples of which have borne a crushing strain 
of 600 tons per square foot. Some will not bear over 100 tons per square 
foot. The general average is necessarily much less than that of the best 
ipecimenfl." — StaUmeni of the OMef Engine&tj Washington- A. Boebling. 
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33, — PROOF liOAB. — The proof load is a trial load. It ii 

intended as a practical test of a theoretical structure. 

It generally exceeds the greatest load that it is ever intended 
to put upon the structure, but it should not be so great as to 
impair its elasticity. If the proof load is much in excess o4 
the load which will ordinarily be placed upon the structure, it 
should remain on but a short time, and should be put on and 
removed in such a way as *to avoid shocks as much as possible. 
Excessi/oely severe j>roof strains may do much harm by perma- 
nently damaging the resisting properties of the materials. 

33.— FRAMiNo. The art oiframmg pertains chiefly to the 
manner of ioinins: the parts of solid materials so as to resist 
BtraiBS. This is 1 very important item especially in wooden 
stnictures. I have seen frames in which the pieces were so im- 
perfectly secured to each other at their ends that they would 
fail there long before they were strained to the amount which 
they were expected to carry, making a frame very weak which 
in all other respects was very strong. Some of the approved 
methods for joining the ends will be indicated hereafter. In 
making the analysis of structures we shall assume that they are 
properly joined, and that they will yield only by their elasticity 
for such loads as they are intended to carry. 

It is worthy of note, since joints cannot be made perfect, 
that where several joints are involved in carrying a strain, 
if one is over-strained, it will yield by its elasticity and thus 
bring into action others which were less strained. Were it not 
for this principle it would be exceedingly diflScult to make 
large compound structures which would be durable. 

THE SIMPLE GIRDER 

34. —THB soKPiiB oiRDBR may be composed of a single 
piece of wood, iron, steel, or other metal, or it may be com- 
posed of several pieces firmly secured together so as to act like 
a single piece. Large beams and arches have been made of 
planks or even boards firmly spiked together. Some prefer 
built beams of this kind to solid ones, because they can select 
their timber and be certain that it is aU sound, whereas it is 
difiScult to secure large solid pieces, as some parts are liable to 



10 



TRBATI8B OS BBIDGES. 



{ 



Z 



.aL 



z 



1 
3 



z^i 



6 



JOL 



h7 







I 



^ ^ f^-k 





^ 



■* 





H 








t 






Fig. 26 a. 
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be fihaky while the greater part is Bound, or they niay have in- 
ternal defects. A built beam cannot be stronger than a solid 
one (as some have supposed), when the material in the solid one 
is as good throughout as that in the built one. If the pieces 
which compose the built one are large, they must be framed to- 
gether. Figure (26 a) shows some of the approved modes of 
joining or splicing timbers. 

If two equal timbers are simply placed over each other, as in 
H, Fig. (26 a), the strength of tiie two is double that of one, but 
if they can be firmly joined together so as to act like a single 
beam of the same depth as the two, the strength will be f(ywr 
times that of a single one. 



' » I i I 1 I \ 



Fig. 27. 

If a BRiDOB be made of several beams placed side by side' 
as in Fig. 27, we may determine the breadth or depth of each 
as follows: — 

Let TT = the total uniform load ; 
I = the span ; 
R = the modulus of rupture ; 
h = the breadth of each beam ; 
d = the depth of each beam ; and 
n = the number of beams. 

Then according to equation (19) we have 

\Wl^\n RhcP 

*-'\/^ («"> 

If the depth of each beam is r times the breadth we have 

...5= •/t:^ 

V * nr'B 
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In the same way the dimenBions of floor joists may be doter- 
mined. 

EzAMPLEa 1. The load on a floor is fifl^ pounds per sqnare foot. The 
joists are twenty feet long, twelve inches deep, and are sixteen inohes from 
oentre to centre. What must be their breadth itJS = 800 ponnds f 

2. The joists in a floor are twenty-two feet long, three inches thick, twelve 
inches deep, and twelve inches from centre to centre. How mnoh load pet 
iqaaiB foot will be required to break them if ^ = 8,000 pounds f 



CHAPTER IL 



DNGh-POST AND QUEBN-POST STSTBMa 
KINO-POST SYSTEH 

9S. — moB KING-POST TRUSS is frequently employed in 
bridges of short span, and in the construction of roo&. Ite 




Fia.2S. 



Fig 29. 



construction is simple, and it is very rigid. The common form 
is that shown in Fig. 28. In modem constructions a vertical iron 
tie is substituted for the post, and a horizontal iron tie is often 
substituted for the wooden one, as shown in Fig. 29. In bridges 
the inclined pieces are called braces, but in roo& they are 
called rafters. We consider two general cases: Ist, that in 
which the braces are equally inclined ; and 2d, that in which 
they are unequally inclined. 




Fig. 30. 



In bridges the load will be upon the supported chord ACj 
Fig. 30, and we may assume without being far from the truth 
that one-half the load on AD is supported at Dy and the other 
half at A / and similarly on DO. This hypothesis is exact if 



44 TBEATI8B ON BBIDGB8. 

tbere be a joint at D. But if the beam be continuous from A 
to C^ and the load uniformly distributed, the point D will sus- 
tain f (»f the total load (see Article 98, Resistance of Mate- 
rials), 

Let P be the load which is sustained at D. This is the only 
load which causes strains on the tie BD and on the braces ; the 
remainder of the load being carried directly by the abutments. 
The load P produces a puU equal to P on DBy and thence a 
push on each of the braces AB and BO. Of the load P, each 
of the supports A and O carries F = -J P. 
Let P = tiie strain on J)B^ 

V = the reaction of the support A due to P, 

H := the horizontal strain on the tie AC, due to P, 

Q := the strain on each of the braces, 

= the inclination of the brace AB to the vertical, 
D = BJD = the depth of the truss, 

1 =AD =^ DCyfi.n^ 
L = AC = the span. 

Suppose that the parts are reduced to rigid right lines, and 
that tlie joints at A^B^ and C are perfectly flexible. 

Take any convenient distance on the vertical line -4. F", to re- 
present the reaction of Y. Through the upper end of the line 
thus assumed, draw a line parallel to AD and prolong it till it 
meets AB ; — and this line will represent the horizontal pull on 
the tie A C^ and the distance from A to the point where the line 
intersects AB will represent the push on AB. Hence from 
this small triangle we have 

Q = Vseo e = \Paeoe \ (68) 

E=^ Vtcmge = iPt<mge\ 

We also have ton^ ^ = ^^^and 

sec U = -r=r^ = 5c 

BB D 






(69) 
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Ef the angle at ^ ib right, 6 will be 45 degrees and I = 2>/ 

} (W) 



H=\P 



This may also be solTed by directly resolying P, thus: — take any portion of 
DB^ as Bo^ to represent P, and draw ea parallel to BO. Then will Bat re- 
present the triangle of forces ; Ba representing the strain on BA^ ac that on 
BOy and Be that on BD, In this case, the rafters being equally inclined, Ba 
= ac. Draw ad parallel to AD and it will represent the stress on AC ^ H\ 
and Bd = (20 = ^ P. Hence we have from these triangles ad = Bd tang 0, ox 
H^ iPtang 6 ; also aB = Bdseed ox Q = i Peee d, the same as befoze. 
We also haye from similar triangles 

aBiBd :: AB: BJD, or 

Haying found the amount and character of the strains we pro- 
ceed to proportion the parts. Observe that if there are two 
trusses to carry the load we divide the total strains by two. T 
being the modulus of the tenacity of the main tie, and -Tits 
section, we have 

M=^P^=TK.'.K=^ (71) 

For the vertical tie we have 

JS:=~. ,(72) 

For the rafters or main braces, suppose that the ends are 
rounded, and we have, if their length exceeds tifteen times their 
.diameter, (see article 24,) 

^ = 13^-^, (73) 

for hollow cast-iron pillars ; and if other materials or forms are 
used, the proper values can be taken from the table. If the 
length is less than fifteen times the diameter, use equation (67). 
Or use Gordon's formulas (article 22). 



BxAMFLES.— 1. If the span is 80 feet (which is too long for a bridge of thin 
kind, bnt may do fcnr a roof), depth 16 feet, uniform load one ton per foot of 
length, required the puU on l^e horizontal tie, and the push (or compression) 
on the rafters. Also required the proper dimensions of the rafters if they are 
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•quaze and made of dry deal. {NoU, — ^In this pzoUem aMnune tiiat P is one 
half the total load.) 

0. If the span ia 80 feet, the indinatioii of the zaftezB to the hoziaantal, S0% 
the load on the central yertioal tie, 10,000 Iha., zeqnized the depth of the tnui 
and the acrains upon the aeyeral parte. \ 

8. Required the slope of the main braoe so that the strain on it shall equal 
P. Find the corresponding strain on the xnain tie. 

4. If the span is 40 feet, length of post 8 feet, P — 2,000 lbs.; required the 
strain on the braces, and thrust on the horizontal tie. 

Ans. Q — 2,692 lbs. .ff— 2,500 lbs. 

In the case of roofs^ if the load is upon the main rafter% 
there will be no strain on the vertical tie due to that load, and 
its only service will be to support the long tie at the middle. 

One of the objections to a flat truss of this kind, or, in other 
words, one in which the slope of the rafters is small, and in 
which the tie is composed of wood, is the difficulty of securing 
the ends so that they will not split out, or fail from longitvdi- 
fwl aheming. Fig. 31 shows some of the modes of securing 
them. 





li a h resists the thrust of the rafter by its longitudinal 
aihea/rmgy its length must be 

, _ Hot, thrust 
"" 50 X breadthj 

for pine, hemlock, and spruce. For oak we would have 

, __ JBbr. thrust 
^ ■" 100 X breadth. 
These are for an eight-fold security. 

If the rafters are of wood, and the long tie of iron, it is easy 
to secure the ends. For the braces may be made to rest squarely 
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againei a castriloo block, or shoe, to which (he tie-rods ma; 
be attached in any conyenient way. 
The tie may terminate with an eye for 
receiving a pin, and by the arrange- 
ment shown in Fig. 32, the cast-iron 
piece will be subjected to compression 

<>%• Pio. 83. 

36«— iNTBRTSD KINO-POST. — ^If the king-post truss be in- 
verted, and supported as before, at the ends of the long tie, as in 
Fig. 33, the amount of strain on each 
part will be the same as before, and 
hence may be computed by the same 
formulas ; but the character of the 
strains will all be reversed. Thus, if a 
load is at -D, tiie piece D B will be com- 
pressed, the inclined pieces A B and B G will be under ten- 
sion, and the piece A G will be compressed. 

37. — ▲ BRACSD BSAiK. — ^Thc middle of a beam may be 
supported by two bracee, the lower ends of which rest against 
walls as in Fig. 34. In this case the 
strain on the braces is the same as in 
the king-post truss, and the thrust 
against the walls is the same as it 
would be upon a tie which would con- 
nect the feet of the braces. The pres- 
sure of the rafters against each other at their upper ends is 
equal to H, The beam which supports the load is not involved 
in this system of strains. It is a beam supported at three points, 
or of two beams supported at their ends. 

38 • — ^RiiNiMiTiii ToiiUniB OF MATERiAii. — Givcu the length 
of the truss, and the load upon t^e vertical tie, it is required to 
find the depth of the truss, so that the total volume of material 
in the truss shall be a minimum. 

Let D (%. 29) be the unknown depth, and I half of tne 
known span. JT, the section of the vertical tie, may be found 
from the formula, 



ETig 
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Letting the long dimensionB {D and Q be in feet, and the 
transverse dimensions {K and e^ be in inches, so as to conform 
with the notation in article 24, and we have for the volume in 
inches 

12 2>if = ^~^ («) 

The strain on the long tie is 

iPtang^ = P2^j 
and its section is 

^' "" 2 DT^ 

and its volume is 

K.SAl^'j^ ....(J) 

The strain on the brace is 

iPsecg = iP ^^^^> 

hence if the braces are dry deal and square we have (see 
article 24) 

k ±' -^ 7.81 ^ _ 7.81 ^ ^ ^ 

By sol ring this in reference to <2*, we have for the section <A 
a brace in inches, 

^ = \/itS^K^ 

and the volume of both braces is 

2 X 12/F+:D'- X rf* = 24 s/uW3 (^ + ^*)* (") 

Hence, by adding equations (a), (fi) and {e) we have for the total 
volume in inches 



12i>P 12 P? . 

+ — m- + 



i^\/ra^('+^)* 



nr* ^^ 'P 

which is to be a minimum. Hence by differentiating we have, 
P PV 



v/i4(*^-')[^.-^]* = » 



The general value of D cannot be found from this equation, 
and hence the problem cannot be easily discussed. 
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EzAMFLB. 1. If r = 12,000 Ibfi., <= 20 feet, and P = 20,000 ponndB; 
teqaired 2>, and oonaeqnently the slope of the rafter for a mminmm quantit^f 
of material. 

2. If r = 12,000 Iba, i = 80 feet, and P = 2,000 potmds, required D. 

QuBSTioif. — ^Does D increase or decrease as P increases ? 

K the truss be intsrtbh, as in Fig. 33, and the notation the 
same as in the preceding example, and the load on the support- 
ed chord as before, we have for the section of the vertical post, 
if it be of oak (see article 24), 

A = <p = i> \/— , 

V 10.95' 

and its 

V 10.95 ^^ ' 

PI 

The strain upon the long chord will be -^jri ^^^ ^^ section^ 

if of oak, will be <P = Z v cyTcrFv *^^ ^® volume of the whole 
chord will be, 

volume = 2?%/--—- (a) 

^ 21.9 D ___ 

The strain upon the long ties will be -J P ^ , and 

/> V ? ^- /?• 

hence the section = g-=, =^ , and the volume of both 



volume = -7ST ^^ — t;^ — L (A) 



ties will be, 

volume = ^ _ 

.-. Total volumewiU be Z>- \/ ^ +2f\/ ^"^ 1.+-^^^^^, 
which is to be a minimum. 

' ■ V 2.74 V 21.9 • i?" T ly^ T^ 

from which the value of 2? may be found, and hence the slope 
of the tie-rods. 

The problem is sihepIiIfibd by supposing that the resistance 
to compression varies directly as the section (which is true for 
short braces). For these we shall have for Fig. 29, the strain on 
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the long tie as before = ^y^ , and its section will be 

this value divided by G (modulus for crushing) and the volume 
of both braces will be this result multiplied by their length. 

.'. volums of braces = — Vr"7i — y (*) 

which value added to equations (a) and {i) gives for total volume 

m the truss = —^ + ^^^ + — (j j) U) 

Hence, 
for a minimum we have 

P PV P^.P^r. 
T Tiy Ciy O" ' 
Hence by factoring we find that 

consequently, the inclination of the braces will be 45 degrees 
The other value given by the equation is inadmissible. 
Hence the total volume of the truss becomes 

2Pi?(^+^) (*) 

If r= (7 we have 

^P D _ ^PL 

that is, it is equivalent to a piece whose length is twice the span, 

and whose section is that required to sustain P by a direct pull. 

The minimum material for the braces only is (using Eq. (^) ) 

2P2?_PZ 

o w ^^ 

39* — mNmuni hsprsssion. — In a triangular frame, like 

Fig. 35, in which the braces and tie 
P^^ ^^^ ^ ^^ ^^ same material and uniform 

I section, it is required to find the inclina- 

s. tion of the braces, so that the depression 

A of the vertex shall be a minimum for a 

NA load P, all the pieces being elastic. 

\\ Let P = the load at the vertex. 
W -i I = the length of the base. 
' a = the ler^h of each brace. 

Kg. 85. ^ 
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D = the altitnde of the triangle. 
% = the angle which the brace makes with the hoiizon- 

tal tie. 
K = the section of the pieces, and 
E = the coefficient of elasticity. 

Then D = y/ q^ ^ ^j* and by differentiation, 

^7% _ ada — i Idl , . 

^^ = -j^' — («) 

im which dD is a small depression of the vertex, and is to be a 
mimiravmh^ da \& k correspondingly small compression of a 
brace, and di a correspondingly small extension of the tie. 

We also have a = ^r -. ; D ^\l t<mg i: strain on rafters 

p 

= - — : — i. = P' .• and tension on the tie = i P C(?^i. 

For the amonnt of compression, we have (see Resistance of 
Materials)^ 

P'a P I PI 1 



da = 



EK 2E£smi2oo8i 4tEK'eoaismi 



Similarly,— <2? = ^ ^x 
Hence, equation {a) becomes 

,^ PI 1 r 1 .1 

dD = 7-^T^ -T-r. I . 4 cosh I 

4 EK sinh |^C(?« « J 

which is to be a minimum. By differentiating, placing equal 
to zero, and reducing, we have 

2 oosH + 3 cosH = 1, 

one of the roots of which is 

oosi = i 

hence the triangle must be equilateraL 

40. — ^TBUSSBB BBAiKS. — ^lu a trusscd beam, like Fig. 86; 
the total compression on the upper side is that due to the 
bending of the beam added to the horizontal pull of the 
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truss rods ; and the tension on the lower side is that due only to 
the bending of the beam. But it is difficult to determine tlie 
values of these strains, for the strain on each is dependent 



CffOSS 
S£Cr/OM 




^Tl^ 



Fig. 86. 

upon the distortions (compressions or extensions) of the other. 
So far as cast-iron beams are concerned, the value of such 
trussing has been determined experimentally by Wm. Fair- 
bairn, the results of which are reported in his work on Cast 
and Wrought Iron, The beams experimented upon were of 
the double T form, as shown in Fig. 36, and the truss rods 
were of wrought iron. He found it exceedingly difficult to 
adjust the strains upon the iron rods so as to secure the best 
result, but ccmcluded that they should be so adjusted as to secure 
a strain of 2 or 3 tons before the permanent load was placed 
upon the beam. He also concluded that such beams were not 
reliable. 

The trussing of cast-iron beams, however, is not very import- 
ant at the present day, for solid rolled wrought iron ones can 
be made quite as cheaply, and are much more reliable. 

41. — RAISED TIB, OR DOIIBLB RAFTBRS. — If the lower 

chord (or tie) be raised, as in Fig. 37, the strains are consider- 
ably modified. This form 
]p of truss is common in roof 

construction, in which 
case the parts AD and 
BD are prolonged to the 
main rafters, as shown by 
the dotted lines, and are 
secured to them. In the 
case of roofs, the load will 
be distributed evenly over the main rafters, in which case 
the strains upon AI)^ DB^ and DC^ will be the same as if 
one-half the load were concentrated at G^ and the other half 
sustained directly by the abutments. In order, therefore, to 
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Bimplify the problem, we will consider the case in which a load 
P is placed at the vertex 6", and the joints at D and G are per- 
fectly flexible. The pieces AG and ^Cwill be compressed; 
J.-D, DB^ and 2>Cwill be subjected to a pull. At the joint 
J?, tiiere will be an upward pull equal to the tension upon GDy 
and at G there will be a downward pull equal to the tension on 
GD added to the weight P. It is also evident that the horizon- 
tal ^n^A outward of J. (7 will be equal to the inward horizontal 
'pvU of AD.^ In other words, the horizontal component of the 
strains \vlAG and AJ) neutralize each other. This view of the 
case niakes the solution very simple, for we may suppose that 
the truss is divided into two trusses ; one of which will be 
A GB^ with a horizontal chord AB ; and the other AJ)By with 
the same horizontal chord. , 

Let^ = the load at (7, 

t = the tension on CZ?, 
H = the horizontal component of the push and pull, 
t^ = the tension on AD^ and 
Q = the compression on A G. 
Ta^e any distance A^ on the chord AB^ to* represent the 
horizontal component, H^ of the strains; erect a perpendicular 
eCy and from d and <?, where it intersects the rafters, draw the 
horizontals ca and db^ then will Aa represent the reaction of 
the support for the truss A GB^ and AJb the reaction for the 
truss ADB ; Aa being 9k push up, and Ah being a pull down^ 
their difPerence, aJ, will be the amount which is actually sua 
tained by the abutment, and is ^ P. Ad represents the pull 
on AD J and Ac jjne push on A G. 

Yot the truss ADB we have 

Ae : edw AE : ED^ or 

E \ \t\\AE\ ED 

AE 
.\R^kt^ (74) 

For the truss AGB we have 

AeieoW AE : EG, or 
H\\{P ^t)\\AE \ EG. 

.•.ir = i(P-»-0^ (76) 
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Equations (74) and (75), being equal, give 

ED „ 



.". < = 



DO 



(76) 



nrhich is independent of the slope of the rafters. 
We also have eA : Ad :: ED : AD, or 

\t\ t,'.:ED:AD 



• f — - 



tAD AD 



2ED~ 2DC 



{7Tf 



Also, 



• • 



«o: Ae :: CE: AC; or 
iiP + i):Q::CE:AO 



(78) 



2(7jE'^ ■ '' 2DC 

mmcvasiov. — ^From Eq. (76) we have, if ED = DO, t= P 
J£ DC =0,t = 00. UED = 0,t = 0. 

AW 7 

From Eq. (77),if i>C= GE, t, = ^P = ^P, which 

IB the same as the Becond of Eqs. (69). 
From Eq. (78), if i?(7= 0, ^ = oo. U DG ^ EGy Q ^ 

A.G 

-^^Ewi Py which is the same as the first of Eqs. (69). 

Kext suppose that the load is placed at J9, as in Fig. 38. 
Then will the vertical stress at the joint D be P— t\ and at tlie 
joint C it will be t. Proceeding as before and we have 




"Mf ~ EC ED -v EC ' 

If ED = 0, « = P, as it should. 



(79) 



SOLUTION BY DIAOBAHS. 
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43. — ^DBPRBssBD TIB. — If the lower tie be depressed below 
a horizontal, as in Fig. 39, the 
corresponding joints being let- 
tered the same as in the preced- 
ing cases, the same forms of 
expression will give the strain 
on the several parts. Thus, if 
the load be placed at C> the 
compression on CD will be 

the same as Eq. 76. 
If the load be at 2>, the expression for the tension will be 

^_ EG p^^ p 
EDl- EC DC 

the same as Eq. (79). These expressions become identical when 
ED = EC They are also independent of the slope of the 
rafters.* 

In these cases if the load be nnif ormly distributed over the 
upper or the lower rafter, all the strains will be as above, except 
that on the rafter ; and the strains on that member may be 
found as in Article 20. 

43. — soiiVTfoNs BT DIAGRAMS. — To solvo the case of the 
simple king-post, F;g. 30 ; draw a straight 
line CEj Fig. 40, in the direction of the 
acting load (vertical), then take any point 
O as an origin, and draw OC^ OD, and 
OE respectively parallel to^^, AD^ and 
BC; then will CE =^ P ; CD = iP = 
DE ; OD = jff", the horizontal thrust, 
and OC =^ Q =- the compression on 
the rafter. From this figure we have 

Oi? = E^\Pt(mgd 
OC- Q = iP8eo0 
which are the same as equation (68). 

* See several analytical solutions of the preoedingf problem, bj S. W. 
Robinson, Glass of 1863, Univ. of Mich.— «7bur. ^ar^k. Inst. 8d Senes, p. 18. 




Fio. 40. 
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In a Bunilar way to solve the case shown bj Fig. 37, draw 

C a line GQ^ Fig. 41, take a point O and 
draw OG parallel to AG ; OD parallel 
\io AD ; <?i^ parallel to DB ; OG 
parallel to GB. Then will CD + FQ 
= P ; DF= t; 0G= Q; OD = t* 
Hence we have directly from this 
figure i,j5: \P\\ED\DGr. t = 

jYp -^9 ^ before, and similarly for the 

Fie. 41. others. 




44. — FINK xRfiss. — KFmk Truss consists of a combination 
of king-posts with equally inclined ties, as in Fig. 42. It has 
the primary system AGB } the two secondary systems AhD 




Fie. 43. 

and DTcB ; the four tertiary systems Agb^ hiD^ Dje, and dB^ 
and BO on, when there are more systems. 

The lo^d may be upon the upper or lower chord, but if it be 
upon the upper chord, there will be no necessity for a lower 
chord. Suppose that the load is uniformly distributed over 
the whole length of the supported chord. The divisions Aoy 
ab^ &c., are called hays. 

Let TT = the total load, 
L = the span = A By 

If = the number of bays in the supported chord, 
I = L -^ J^ =^ the length of each bay, 



^ For a demonrtratioii of the principle upon whkh thie aobitioa ie founded 
fee Appendix 
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D = the depth of the truss, and 
P = the load on a joint. 

• -^-^ 

Suppose that a weight P is placed on each of the joints a, h^ 
Cj &c. Then the joint J) carries i P which is at o on the 
truss i iD^ and i P which is at & on the truss Ah D^ and so 
on. Hence D carries one-half the total load, or 4 P in this 
case. Similarly, h and e each carry one-fourth tiie total load, or 
2 P in this case ; and a, o, d^ and f each carry P in this case. 
These values are the strains on the vertical struts. 

The first of equations (69) gives the strains on the ties. We 
have 

V ^ -I- 2>« 
Strain on ^ ^ = — ^-^ — P = strain on 5 jr, 5 i, i i>, 

Dj^j e^ and e I. 

strain » ^ » ^^^'K, I> ^ :!JI^P = 

Strain on A i?, i? A, and k B. 

strain on C JB. 

The horizontal strain in the supported chord is uniform 
throughout, and equal to the sum of the strains due to each 
truss. 

Total compjession on supported chord = i P "75""*" i • ^ ^ 

?^ + i.4P*^ = iP^[l+4 + 16 + &C., if there wew 
more terms.] 

= lOJ P -=r- in this case. 

BzAHFiiB.-— Suppose that a Firik Trvu k 96 feet long, and is divided into 
S eqnal ba/yB, and the depth of the truss is 16 feet, and is loaded with 120 tons 
nniformly distributed, indnding its own weight. It is zeqnixed to find thtt 
Btrainp upon all the ties and braces. 
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4«S, — ^BOOF BI788B8, which Boiuewhat resemble the Fink 

Truss, as shown in Fig. 
"^'s^^^i.^x'T^s^J^^ 43, are somewhat com- 
mon. In this case, the 
lower ends of the sin- 
gle king-post trusses 
are in the outline of 
the main truss. In a 
roof, this truss is placed 
in an inclined position, and sustains a vertical load (chiefly), in 
^ which cases the analysis of strains differs considerably from 
tlie preceding, as will be seen hereafter. If the truss is hori- 
zontal, the mode of analysis is evident from the preceding 
problem. 



Fig. 43. 




H<^-A 



46,— VmSltlXAIiIiT INOIiINBD BRAOBS or TIKS. — If the 

vertex B of the truss is 
not over the middle of A Gj 
the braces A £ and B 6 
will be unequally inclined. 
Whatever be. the charac- 
ter of the loading, sup- 
pose that the strain on thc^ 
Pio. 44 tie ^ 2> is determined. 

Let P = the part of the load which is supported at 2>, 
^ = the strain on A jff , 

H='' " ''AG, 

Vi = the amount which A sustains due to the loading at 

D (and does not include that part of the uniform 

load which A sustains directly), 

T^ = the reaction at C7, 
• = the angle JB AJ)^ 

♦. = " 

2 = the part A D, 

I, = « " D O, and 

Zz=l + l, z=AO= Hie total span. 



« BOA, 

« BA 7,, 

•t 
« 
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By iho principle of the lever we havei 

Siinilarly,F. =-2-i'- 

Take any distance Agio represent F„ and draw ff h paral- 
lel to A D^ and g h will represent the strain on A D^ and A h 
the strain on A B. Hence we have 

fl'=F.ton^^ = 4-^-4 = ri^' ^^^ 

Q= r,8eoe = -^ ^ ^^ P (81) 

Similarly, ^. = -^ /' J ^ P (82) 

Second Solution. Take JBIi to represent P. Draw od parallel to BO^ dk 
parallel to ABy and ao parallel to AD, Then 

QiP II BaxBd 

A]soJS^:ao::j9^: AZ>/ ao \ edii CD I BBy and ac : AD::aB i AB 
By oombming tbeM we hare -^~ = 

•••« = Zc:52)^=^T5r-^- <««> 

which is the same as Eq. (81). 

Q:H:: Ba: ae:: BAi AD :: ^FT^ I 
AD.DC III 

^ •••-^=3aSS^=x:s-P'**^^" ^^> 

Tqdu> SoLUTioiL Ba: Bd :: nna dB : sin Bad, 

OT Qi P :: 008 ii : nn {i + »'i) 

• 008 ii 

••• «= ifyunT)^- <*»> 

Similazly, 

^^ = •iifr(iTi:) ^ ^^ 

Also 

€0$ i 008 ii 

^^'STiJf+i^)^ ^^ 

In these equations if I = {j or i =r t*i this oase rednces that of equaSiy indinoQ 
rafters, and the formulas become the same as for that case. 
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If the angle at ^ is light, •* + H = iK); and eqiiatioiui (86), (86) and (87) 
beoome 

C=P«M^ = P«f»i... (88) 

Q=:P(ia9i =Ptinii (89) 

M-Peo%ieo%ii=iPcM%Hni (90) 

U the taraoes aze equally indined, tf =r ^ and (85), (86) and (87) beoome 

«mi P 

Andir= ?^,P = iP.??LL = iPeati. 
nn2t unt 

FOUBTH SoLtrriON. In the figure we haye 

Be:ea :: BD : DAox Be: H :: Dil 

doiea :: Bfifb :: BD . BO otod: H :: Dih 

Bo + od= P 



.H = 



_ lii 



L.D 



P, as before. 



47. — ^If iihe truss be intbbtbd, as in Fig. 45, the supported 
chord becomes a straining beam, and the inclined pieces ties. 
If the load be upon the sup- 
ported chord at -D, the piece DB 
becomes a strut, and directly 
supports P ; but if P is sus- 
pended at B the only office of 
DB will be to support the chord 
at D. If the upper chord be in- 
dined upward, as in Fig. 46, and 




Fig. 45. 




Fig. 46. 

the load be suspended at 2>, the piece DO becomes a tie, and 
the compression upon it will be 



boixhah's thobs. 
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If P be placed at O, we have 



ED 

and hence M DC exceeds ED the compiession on CD will be 
leas than P ; but if the point C falls below E^ and the load 
remains at G^ the compression on CD will exceed JP. 

48* — BOiiiiBEAN's TRUSS. — ^A skclcton or outline of Boll- 
man's Truss is shown in Fig. 47. In this case, as in many 
others, the novel feature does not consist so much in the outline 
or skeleton as in the details of construction. Mechanically 
speaking, this truss consists of a series of king-posts with 



(^ O) G) G) (^ 




Fig. 47. 

v^nequaUy inclined ties. The vertical pieces are struts, and the 
long chord is common to all the several trusses. 

The details of the construction consist in the manner of 
joining the several parts. Thus, the chord, instead of being 
continuous, is made in sections, or separate pieces of hollow cast 
iron, which abut against each other at the joints 2>, E, S, etc., as 
sliown in Fig. 48. They are usually octagonaL The long tie 
rods, ACj AFy etc., are not attached rigidly to the lower ends 
of the posts DC, EE, etc., but instead thereof each pair, as 
A C and 6jff, AF and EB, etc., is attached to a link, which 
link is attached to the lower ends of the posts. This prevents 
cross strains upon the posts when the rods are expanded or 
contracted by changes of temperature or changes of strains. 
The rods of a pair, 9AACy CB, being of unequal length, will be 
unequally strained for any load (see Eqs. (81) and (82)), and 
should be proportioned to resist the strains. If they are sc 



proportioned, they, being of unequal length, will be unequally 
elongated for any change of load, and hence would tend to 
sarry the point (7 to the left If they are contracted, they 
ffonld tend to carry the point (7 to the right So <rf other 
points. The link offers some flexibility at these points. 



Fig. 48. 

The short diagonals in each of the panels DCFE, EFQE, 
etc, Figs. 47 and 48, serve directly to keep the joints D, E, 
etc., in place ; for if the chord is made convex upward, or if it 
becomes so relatively by the depression of some point, there is 
a tendency, due to the compression in the chord, to cause the 
convex part to rise upward, as indicated in Fig. (46), The 
panel rods will prevent such displacement They may also 
serve for giving additional secnrity ; for if made sufficiently 
strong, they may transmit the strains to the other parts in case 
one of the long tie rods breaks. Thus, if FB is broken, the 
panel rods in tlie diagonals jOi*" and FS^/nW tiXiYj the load to 
the p<»t8.Z)Cand .fffi'. The succewion of king-posts maybe 
called the FsmART ststeiv, and the system of posts and tie 
rods, which, as will be shovra hereafter, may form a complete 
tmas by itself, may be called the skcondaky ststkih. 

The long tie rods pass through slots at the ends of the chords, 
and are secured by a pin passing througli an eye. A lower 
chord sometimes passes through the lower joint for supporting 
the roadway. In other cases the roadway rests upon the upper 
chord. 
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49. — ^ANAIiTSIS OF BOIiliBEAN'S TRUSS-PBIMARIT ST9TBBE. 

— It will be observed in the primary system of this truss that 
the load at each joint is carried directly to the abutments at A 
and By and hence we may determine the strains upon the tie 
rods and posts for a load upon any one of the joints. Or, in 
other words, the load at a joint affects only one set of tie rods 
and one post. 

Let I = AD = DE = EH^ etc., = the length of one bay, Fig. 

47, 
D = DC = the depth of the truss, 
L = AB = the span, 
If = the number of bays in AB^ 

n = the number of a bay considered, counting from either 
end. Thus, if AD be called the first bay ; DE^ the second, etc., 
SEmsij be called the nrth. This will also give the number of 
a tie counting from either end. Thus, if .4. C is the first, AE 
the second, etc., A J" will be the w-th, 
Q^ = the strain on the first tie, or A Gy 
Q^ = the strain on the second tie, or AFj 
Qn = the strain on the n-th. tie, 
ir^ = the compression on the chord due to the fli-st truss, or 

A OB J 
H^ = the compression on the chord due to the second truss, 

or AFBy 
H^ = the compression on the chord due to the w-th truss. 

In regard to the long ties it is necessary to consider only 
those which incline one way, for those which incline the same 
amount in the opposite direction will evidently receive the 
same stress for the same load. 

For the strain upon the 7i-th tie for a load P upon any joint, 
as Hy we may generalize Equation (81) or (83), and have 

^^ ^ (^»i£^wTz:p (,i, 

Hence the strain upon any particular tie is found by giving 
to n its particular value in Equation (91). Thus, for A C make 
n = 1, for wdLi^make n = 2, and so on. Hence, 

The strain on 1st tie is ^, = {N- 1)\/? + i>*'^. •(92) 
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IP 

The Btram on 2cl tie is C, = (ir-2) A? + I^Z^^^^^ 

The strain on 8d tie is, Q^ = (iT- 8) V9?+^i£.(94) 

In a similar way, for the strain upon the chord due the n-Ui 
truss, we generalize Eq. (84), and have 

Hence the strain due to the 1st truss is JST^ = (ilT— 1) -yr-= P 

2d " <^ J?; = 2(ir-2)^P 

8d « " J?; = 8(ir-8)^P 

The total stress on the chord is 

J?; + iT, + iT, + etc., to J5>-i = 



t( it a u a 



<i M i( a a 



[ 



ir+2ir+8ir+ etc., toir-lterms- (1 + 2*1 V p 
+ 3* + 4* + etc., to (iT- Vf) \lJ) 



_(ir-l)Z 



In ordinary cases the bridge will be supported by two trusses, 
and hence the strains found above must be divided by two to 
get the strains on each truss. 

The chord is so nearly horizontal that when the load is on the 
upper chord the strain on each post is P/ but if the chord 
angles upward at any joint, the post under that joint will sus- 
tain less than P, but if it angles downward it will sustain more 
than P, as shown in article 47. 

If the SEOOND ART SYSTEM of tnisa zods is to insaxe safety, the stmiiia 
on them may be computed by the first of Equations (69). 

BzAHPLE. The following data are taken for a bridge as mannf aotoved by 
Charles KeUogg & Go. (formerly in Detroit, lHoh.) 

L = 100 feet = the span, 

if = 8 = the number of bays, 
• . { = \%^ = the length of one bay, 
IF, r= 60 tons (net) = the weight c^ the frame, 
IFa = 100 tons = the assumed uniform load, 

P = 20 tons = the maximum load at each post, and 

2> = 19 feet = the depth. 
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Beqnixed the dimemdoiiB of the parts when one-f onzth the statical stress is 
added for shocks. This addition is eqmyalent to calling P, 25 tons. Also 
consider the tenacity, per square inch, T^ of wronght iron, equal to the com- 
pression, 0, per square inch of cast iron, and call T= C = 11,000 lbs. 

There were two trusses, and two rods in each truss for supporting the load P. 

Hence l^ means of Eq. (91), and the above value of T^ we have, counting 
foom either end, 



on the 1st tie 
2d " 
8d ** 
4th" 
5th" 
6th" 
7th" 





Bootton of eMdi tisu 


Tool. 


BqTuure inohfls. 


26.180 


1.12 


80.986 


1.41 


84.569 


1.57 


85.198 (middle one) 


1.68 


82.230 


1.48 


25.450 


1.15- 


14.788 


0.74 



The compression on the upper chord will be, according to Eq. (95), 86.85 
tons = 172,700 lbs. 

If the sections were solid and octagonal, their diameter, In order to resist 
flexure with a twentj-fold security, will be, according to Eq. (58) 



=Vi 



172,700 X 150« 



:= 9^ inche& 



0.87527 X 16,000,00 x 8.1416' 

They were 10 inches in diameter, and hoUow. I do not know the thickness, 
but according to Fraads' tables they should be libout one inch thick for a five- 
fold security. 

The pa$U each were to sustain 10 tons, and were six inches in diameter. 

The pond rods were to sustain 10 tons, and hence, according to the first of 
Eqs. (70), the strain on each would be 14.10 tons for both trusses ; and 7.475 
tons for each. Hence the section of the panel tie should be 1.26 square 
tnohoa. 
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TRUSSES IN WHICH THE UPPER AND LOWER CHORDS ARE 

HORIZONTAL. 

TRAPEZOIDAL TRUSS. 

SO. — The form of the tbapbzoidal truss is shown in 




Fia. 40. 

Fig. 49. All parts are most strained when it is loaded through- 
out, or when both joints C and D are loaded to their maximum. 
If the load is uniformly distributed over the lower chord, the 
joints (7 and D will each sustain *one-thjrd of the total load, the 
remaining third being sustained directly by the supports A 
and JB. That is, A will sustain one-sixth of the load directly, 
and jB the same, and each will also sustain one-third of the load 
as it is transmitted through CJS and DFy and thence to A and 
jff, through the braces AJE and I^JBy thus making one-half 
the total load as it should. But only that part of the load 
which is supported at O and J) produces strains on the trussing. 
Of this load the supports A and JB each sustain an amount 
equal to P] 

Letl=zAC=CD = J)JB, 

V = the reaction at A^ 

T, = the reaction at jff, and 

e = the angle VAE. 
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fbjn F=P=F, 

titrainon AE ^ VseoO^—^— P (96) 

• Strain on AC— Vtcmg0= ^ P (97) 

v'dch equals the strain on EF=^ that on CD = that on DB. 

If tl'O load is on the lower chord, the strain on the vertical ties 

wiJ] be P, but if it be upon the upper 

ch^ivd, as in Fig. 50, the vertical pieces 

wi'J simply support the lower chord, 

and hence may, in such cases, be very 

small. ^ j,^^ 50 

If only one joint is loaded, or when 
the load on one joint somewhat exceeds the load on the other 
joint, it may be said that the truss is unbalanced, and may 
become distorted, as shown in Fig. 51. 
For such a load the truss is not com- 
pletely braced. There should be braces 
or ties in the diagonals of the panel 
CZ>P^,Fig49. "*• 

SI. — TRUSS FVLLir BRACED. — ^The preceding example 
shows that a truss may be braced so as not to change its form 
under a certain load, as in Fig. 49, but under other distributions 
of the load it may become distorted. In such cases it is only 
partially braced. 

A TRUSS m WHICH THE PAET8 ARE CONSIDERED PERFECTLY RlOm 
AND JOINTS PERFECTLY FLEXIBLE, IS FULLY BRACED (oR SIMPLY 
braced) when the parts ARE SO ARRANGED THAT IT WILL NOT 
CHANGE ITS FORM UNDER ANY ARRANGEMENT OF THE LOAD WHICH 
IT IS INTENDED TO CARRY, 

In practice the joints are not perfectly flexible anji the parts 
are elastic ; and hence a change of form will take place for 
every change of load, but when the conditions are fulfilled ac- 
cording to the preceding hypothesis, the frame will not become 
distorted^ as in Fig. 51 ; and it is this distortion that we wish to 
prevent by bracing (or tieing). A truss may be distorted or 
broken by an excessive load which shall endanger the strength 
of the material, but this case is excluded by the definition. In 
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other wordfl, a trnsB is braced when the trussiiig prevents my 
turning about the joints beyond that which results from the 
yielding of the material on account of its elasticity. 

53,_ TB APBzoiDAii TRUSS KOBiFiBD.— A beam is some- 
times supported, as shown in Fig. 52, in which case the thrust 
of the braces is resisted at their lower ends by the walls. The 
same thing is shown in Fig. 53, and it may be distorted, as 
shown in Fig. 54, by a partial load. 

53. — TWKX STRAINS upou the several parts of the modified 
truss may be found by the same formulas as given in the pre- 
ceding case. 

Fib. 58L 




Fio. OBl 
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S4. — ^TBAPBzonAii TB17SS INTEBTED.-If the truss bo 
inverted, as shown in Fig. 65, the amount _ of the strains on the 

several parts will be the same as in 
the erect truss. Fig. 49, but the 
character of all the strains will be 
changed; that is, the inclined pieces 
PiQ. 55, will here be ties instead of braces, the 

supported chord and vertical pieces 
will be compressed instead of extended. If the end braces are 
unequally inclined, the mode of solution will be essentially the 
same as in the preceding case. 

SS« — EXASIPIiEiB.— 1. In a trapezoidal trass, sappose that the span is 
forty feet ; length of poets eight feet, each bay one-third of the span ; the 
•train on each port, 8,000 Us.; xeqnixed the strains on the braces and 
ihoidii 

Ana. Q = 8,887 lbs. 
ir=: 8,888 Iba 
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ITote, — Gompaie these lesalts with the fourth example of artide 85, ohsery* 
ing that the truss in this example carries double the load of that in the 
former. If the load is uniformly distributed, it really carries more than double, 
for in each case they cany half the load between the ends and first joints, and 
in the case of the trapezoidal truss, the end bays are shorter than those in the 
king-post truss, thus throwing less load direcUy upon the abutments in the 
former than in the latter case; and hence requiring the posts or post to 
cany more. 

2. If the span is eighty feet, depth of truss sixteen feet, uniform load one 
ton per foot of length ; required the pull on the horizontal tie, and the com- 
pression on the braces and straining beam, there being three equal bays. 
Also required the proper dimensions of the braces if they are sqnaze And madt 
of dry deal {Note, P = ^ the total uniform load.) 

Compare the results with the Ist example in artide 8S 
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TRIANaULAE TRUSa 

UPPER AND LOWEB CHOHDS HORIZONTAL. 

«S6« — A TRiANGCLAB TRUSS is One in which the space oc« 
cupied by the truss is divided into triangles by the pieces which 
compose the truss, and in which each piece may act both as a 
tie and brace. Such a form is shown in Figs. 60, 61, and 62. 
A triangular truss, in which the ties and braces are equally 
inclined, is generally known as the utarbbn's gibdbr, or 
iVARBBN'S TBfJss, although English writers generally confine 
it to a triangular truss in which the ties and braces are inclined 
about 45 degrees to the vertical. The Wa/rren Oirder^ as con- 
structed in England, is usually made of iron. A triangulcur 
wooden truss was patented in this country by a Mr. Godard, 
and called GodarvPs sdf-supportmg truss* In this truss the 
triangles were isosceles, and the sides inclined about 30 degrees 
to the vertical. The peculiarity consisted chiefly in the modes 
of fastening the ends of the pieces. Another triangtUar truss 
was invented in this country which is essentially a double lat- 
tice, as shown in Fig. 68, and which by way of distinction was 
called an Isometrical Truss. The Fink Triangular Truss is 
. another form which is composed partly of wood and partly of 
iron.f Another truss, called Smith's Patent, % originally com- 
posed entirely of wood, has some peculiar features, but which it 
is not necessary for our purpose to describe. 
The analysis of all triangular trusses is essentially the same. 

Sn . — TBIAN6LKS THB ONLT PBOPBB FIGVBBS FOB 

TBUSS-nroBK. — ^The triangle is the only geometrical figure in 
which the angles cannot be changed without changing the 
lengths of the sides. Hence, to form a truss which will not 
distort when partially loaded, the truss-work should form tri- 

* See Applet&n^s Mechanic's Magadne^ May, 1852, p. 141. 
f Manufactured by the LouisviUe Bridge and Iron Company. 
X Manufactured by B. W. Smith, of Toledo, Ohio. 
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angnlar %are8. But it does not follow from this that every 
sach truss is completely hrsiced. If the inclined pieces serve 
only as braces, as in Fig. 75, it may become distorted for a par- 
tial load, as in Fig. 76. Similarly, if the inclined pieces serve 
only as ties, it will be oiiij pa/rtiaUy braced (tied) for certain 
partial loads, and the distortion will be of the same kind as in 
Fig. 76. In all such cases it is necessary to have braces inclined 
both ways, as in Fig. 77, or ties both ways, as in Fig. 79. It 
will be seen from this that a truss is not tria/ngular simply 
because it is composed of triangles, but it is essential that the 
inclined pieces be tib-bracbs. 

58. — ^Tho following conditions iriLi« bb assumbd in 

making an analysis of trusses. The parts will be considered as 
reduced to rigid right lines. The meeting of two or more lines 
at their common point of action will be called a jtoint. Tho 
joints will be considered — ^f or the present at least — ^as perfectly 
flexible. 

The strain will be considered uniform between adjacent 
joints ; also that th,e same piece cannot be subjected to tension 
and compression at the same time, but that the resultant strain 
is the algebraic sum of the two. Tension will be called +, and 
compression — . 

59. — NOTATION. — As far as practicable, the following 

notation wiU be common to all the cases : — 

P = the load applied at a single joint when there is but one 
weight ; 

p = the weight at a single joint when several joints are loaded, 
and the several weights are equal to each other ; 

Pi^JP^t ®*c., = the weights when they are unequal ; 

L = the length of the span of a truss, 
I = the length of a bay, 

D = the uniform depth of a truss when the chords are pa- 
rallel, and the greatest depth if they are not pa- 
rallel ; 

= the inclination of a brace or tie to the vertical ; 
i = the inclination of a brace or tie to the horizontal ; 

w = the weight per foot of length of the dead load when it, if 
uniform; 
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w' = the weight per foot of length of the live load when it iA 

uniform; 
5 = the weight of a unit of volnme of the material con-- 

sidered ; 
W^ = the total weight of the truss ; 
W^ = the total weight of the surcharge ; 
W = the total load on the structure =^W^ ^^ W^\ 
V^ =- the reaction of the support at one end ; 
V^ = the reaction of the support at the other end ; 
C = the modulus of compression ; 
T = the modulus of tenacity ; 
Kn=^ the section of the Tirth bay of the lower chord ; 
Kn = the section of the Tirth bay of the upper chord ; 
k^ = the section of the nAh tie or brace ; 
c^ = the compression of the n-th bay of the compressed chord ; 
tn = the tension of the n-th bay of the tensioned chord ; and 
X is used to denote the summation of similar quantities. 
Other notation will be given as it is needed. 



60. — CASK I. — A SEMI-TBUSS HAS A SmOLB WEIGHT, P, AT 
ITS FSEB END J rr IS BEQTJIBSD TO FEND THE STBjUNS UFOK 
CHE TIES, BBACBS, AND CHORDS; THE BRACES AND TIES BEING 
EQUALLY INCLINED. 

Mrat^ Consider a geometrical solution. Take a vertical line 
(A J to represent P, and draw ho parallel to ok, and prolong it 




Fig. 56. 



until it meets aeino; then will ho represent the strain on ak^ 
and oo the strain on ae. The weight P is therefore sustained 
at a by two forces repr^ented by ao and 6b. It is evident 
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that ae pushes and ok pulls on P. The force etc is transmit- 
ted to e. Take ed =: aOy and draw dff parallel to en^ and 
prolong it till it meets ek in ff. Then will eg represent the 
strain on eky and dff that on en. In a similar way, resolve the 
stresses at A, and so proceed to AB. It will be observed for the 

61 • — STRAINS ON TMB TIBS AND BRAOBSt — 1. That the 

Inclined pieces are alternately compressed and extended, as 
marked in the figure ; o indicating compression, and t tension. 
2. The amount of compression and tension is the same in all 
the braces and ties, and equal to ac =: P sec 0. Hence, the 
vertical component of the strains is uniform over the whole 
length, and equal to P. This is evidently true whatever be the 
length of the truss. This is the same as the transverse shearing 
stress in. a beam fixed at one end and free at the other, and has 
a load P at the free end, i. <?., Ss = P. (See article 3.) 

63.~STBAiNS ON T0B CHORDS. — The puU oi ou ok is 

transmitted to A through the successive parts Tco^ or^ and rA. 
The pull of Jd at k^ and the push of kj on the same point, 
each of which are the same in amount as <?J, and which together 
equal j% is also transmitted to A^ so that the strain of tension on 
ko is equal to he + ji. In a similar way we find that the 
strain at A is equal \ohc + hk + mo + sr. -= ho + Z M 
= 7 he. In a similar way we find that the compression on 
the lower chord at jB = 3 ^ We observe : — 

1st, That the upper chord is subjected to tension throughout 
its whole length ; 

2d, The lower chord is subjected to compression throughout 
its whole length ; 

3d, The tension of the upper chord increases from the free 
end to the fixed end, and that the increments of increase are 
equal at the successive joints ; and 

4th, The compression of the lower chord increases by succes- 
sive equal increments at each of the successive joints, and is a 
maximum at the fixed end. The increments are the horizontal 
components of the strains on the ties and braces. 

The third and fourth observations are analogous to the 
moments of stress when a beam is fixed at one end and free at 
the other, and has a weight P applied at the free end. 
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Secondly, consider an analytical solution. The strains upon 
the ties and braces are sufficiently analyzed. To find the 8ti*ain 
upon the rirth. bay, as rOy of the upper chord, we may at first 
suppose that this bay is severed, and that a horizontal force ^^ 
equal to the pull on this bay is substituted for the stress. 
When ro is severed, the truss tends to turn about q. Take q 
as the origin of moments, and erect qy perpendicular to ro. 
The lever arm of P is ay; and the lever arm of <. is gy. 
Hence, we have 

~2^ . ' . tn = S cb. This equals om + kk 






-f cJ = 5cJ = 5P tariff 6. 

63. — CASK H. — ^A 8BMI-TEU8S HAS BQtJAL WEIGHTS AT EVKBT 
/DINT OF THE LOWEB CHORD. 

Let the ti-uss be like the preceding one inverted, as in Fig 




57. Let the joint at which the weights are applied be num- 
bered in regular order, beginning with 1 at the free end. For 
convenience let the weight at 1 be called j?j; that at 2,jk>„ 
and so on. 

04. — STBAINS ON THE TIES AND BRACES. — It is evident 

from the analysis of the preceding case that if p^ were the 
only weight on the truss, the vertical component of the strains 
would be uniform over the whole length and equal jp^ ; and 
that the sti*ain on each tie and brace due to this load would bo 
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Pi sec 0. Similarly, j?, would produce a strain of p, sec 5, 
on all the ties and braces between 2 and B, Similarly, j?, 
would produce the same strain on all between 3 and B ; and so 
on for any number of weights. Hence, the strain on the first 
pair of braces (praces being used in a general sense to include 
inclined pieces) will be p sec 

Stress on the 2d pair = 2 j? sec ^ 

Stress on the 3d pair = 3 j? sec 

Stress on the n-tli pair = np sec (98) 

We here observe that the strain on the pair of braces 
between the loaded joints is equal. Also, the first one is 
subjected to tension, and the next to compression, and so on 
alternately to the fixed end, as shown in the figure. The wall 
supports all the weights ; hence the vertical force on the .wall 
equals SP. 

65. — THE STRAINS ON THB CHORDS may be found by add- 
ing the components of the strains on tlie ties and braces as 
stated in the preceding case. We will thus have for the strain 
on bay 3— 4: — 

Cn = t^ sin + c^%m0 + t^ sin -f {?, sin + t^ sin 

=z p tang + p tang + 2p tang f 2p tang + Zp 

r/ing 

= 9 p tang 0, 

But the more common mode, and one which is generally the 

easiest, is to find the strain from an equation of moments, thus : — 

from the joint x directly over 4—3, let fall a perpendicular 

xz to 4—3. Let the stress on 4—3 be c\ Taking x as the 

origm of moments, and the moment of o^ will be o^xz =: (/ J). 

The moment of p^ =Pi y, bA = 2i Ip^ 

The moment oi p^ =:p^ x 3 2 = l^lp^ 

The moment of ^, = ^, x « 3 = ilp^ 

Hence, we have, whenj?i =i>a=i?i5 etc. =p 
</D = ^lp 

9Z 
.*. c' = -^fyP = 9p tang 0^ as before. .(90) 

Generally, if n = the number of the bay, we have 

c^ = n* p ta/ng 0. 
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rtiiB will give the push on the lower chord at the walL The 
(elision on the n-tli bay of the upper chord is : — 

^, = J n (n -f l)j> -^ =z n{n + l)p tang 0. .(100; 

If the first bay of the lower chord next to the wall is a full 
on#^, as ill Fig. 58, the mode of solution is exactly the same, and 
the strains upon all th(^ parts will be the same as in the preced- 
ing case for the same load, except for the piece CJE^y which is 
additional in this figure, and will be subjected to a greater 
strain than any other part of the chords, but the strain is cor- 
rectly given for tliis bay by Equation (100). 




Fio. 58. 



OO.-— OPBN SWING BRiDGB. — ^Whcu a swiug bridge (a kind 
of draw-bridge) is open, like Fig. 59, it is in the condition of a 




girder supported at the middle and uniformly loaded. Tliere 
may bo no live load upon it, and the several weights which are 
due to the weiglit of the bridge may, without sensible error, be 
considered equal on tlie lower chord, in which case the analy 
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BIB of Btrains is the same as in Case IL If the load is considerec! 
upon the upper chord, the analysis is essentially the same. 

gy, — CASB III.— SUPPOSB THAT A TBIANOULAB TBU88 T8 SUP- 
POSTED AT ITS ENDS AND LOADED AT ANY POINT OF THE UPPBB CHOBn. 




Let the truss be represented by Fig. 60, in which the tri- 
angles are isosceles. For the nresent, neglect the weight of the 
truss. 

Og. — GEOMKTRicAii 80i<iTTioN.— Let the Weight p be ap- 
plied at the third joint in the upper chord. Let Pj be amount 
which the support a sustains, and F, that sustained at g. 

Let fall the perpendicular 3 y. According to the principle 
of the lever, we have 

F» = ?^»and K = ^». 
* ag-^ " ag^ 

Let gV represent 7^, and construct the parallelogram gKh% 
and hh' = gi will be the strain on the chord ga^ and gh = the 
strain on the brace g%, gi is transmitted to a through the 
choixi dg ; and g'A to 6 through the brace g^. Take ^'6 = gh 
and construct the parallelogram 6;^Z, having 6; for one side and 
jh parallel to the upper chord for the adjacent side. Then^A 
= Z6 will be the strain on the first bay of the upper chord, and 
46 = ^6 == the strain on the tie /B. TA will be transferred to/ 
and fm, = ^, resolved as before. The part fo is trans- 
mitted through the chord until it is resisted by an equal strain 
at the opposite end. Proceed in this way with each of the 
resultants until we arrive at 3. 

Then begin at the opposite end and take ax = F„ resolve it 
and proceed as before until we arrive at the same point 
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We thus find that the strains on the bays of the lower chord* 
are : — on gf^ = to ^j' ; on fe^ ^=^ gi + fo\ on edy ^ ffi + fo 
-h eg ; on dCy=^ ffi -\- fo -\- eq + dr; and so we might proceed 
to a, observing to subtract cw, etc., after passing y. But it is 
better to begin at a and thus find for the strains:— on ab^ = 
as; on bcj = as + ht; on cd^ =^ as + bt + cu^ which also 
equals rd -^ ge + of -\- iff. 

69« — OBSBRTATIONS ON TBOB PRECBBINO RBS17I<T8. — 

We observe from this solution that 

1st, The strains on all the ties and braces between 3 and g 
are equal to each other, and that the same is true of those 
between 3 and a ; but the strains on the latter exceed these on 
the former if a 3 is less than 3 g. 

2d, The strains on the chords are greatest at and under 3, 
where the load is applied, and are least at the ends. 

We might proceed in this way witli weights applied at other 
points, but a numerical solution shows the results more clearly. 

CASE HI. — Suppose that a tbiangtjlab truss is loaded at 

EVERY APEX IN THE UPPER CHORD. 

Let the truss have equal bays, the triangles isosceles, and let 
the weights be applied at the joints 1, 2, 3, etc., in the upper 
chord, as shown in Fig. 61. 

• 

70* — ^DISTRIBITTION OF STRAINS ON THB TIBS. In the 

following solution of this case, I consider the effect of each 
weight by itself, and enter in the figure by the side of the piece 
a number which indicates the amount of the strain, and enter 
it in such a way as to indicate the character of the strain, 
whether it isjplics or minus. This process I call the distribu- 
tion of strains. There may be two subdivisions of this case : 
First, when the number of bays is even ; and second, when it is 
odd. First, consider the case in which the number of bays in 
the suppi »rted chord is even, as in Fig. 61, where iV = 6. There 
will be as many joints in the upper chord as there are bays in the 
lower. In order to distinguish the several weights from each 
other, letjp, be the load at 1 ; ^, the load at 2 ; ^, the load at 
3, and so on. Also, let v^ be the amount of j?^, which is sufr 
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FiQ. 61. 

tained at a ; v^^ the amount of p^ which is sustained at the 
same point, and so on, so that V^ = v^ + v^ + v, •{- etc. 
Similarly, let F, = -y' + v'' + v''' + etc. 

Let fall the perpendicular 1 y ; then, according to the prin- 
ciple of the lever, we have 

«. = -^Pi = rhPiy and 

.•. t^i + v' =i?„ as it should. 

Let = the inclination of the brace to the vertical ; then v' 
resolved in the direction of the brace g 6 gives for the strain on 
ff 6 due to ^, ; -jV-Pi ^^ ^> which is compressive. This is re- 
sisted by the strains in 5— 6 and 6f, The part in^6 is tensile 
and equal to iVi^i *^^ ^ ^ before, and is transmitted to/*; and 
the same amount by compression to 5 ; and so on to 1. We 
observe that all the braces which are inclined towards 1 from 
the abutment are compressed, and those which incline the 
opposite way are tensioned.* 

v^ resolved in the direction of the brace gives Wp^ sec 0. 



* Hiis is eainedy bat it comes in here so natural after eompreBsedy and is ac 
ezpressiye of the idea which is presented, that we have used it 
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The only difference in the value of these expressions is in tho 
numerators, the quantity iV i^i *^ ^ being common. Let the 
numerators represent the relative amount of the strains. 
These numerators are entered in Fig. 61, opposite j?„ jp„ etc.^ 
which are placed at the right and left of the braces in the 
figure. For compressive strains the numbers are platced on the 
right-hand side of the tie-brace, and for tensile strains the 
numbers are placed on the left-hand side. Thus, beginning at 
the right hand, and opposite j?„ the number 1 is placed on the 
right side of ^ 6 ; on the next one it is on the left side ; and so on. 

Kext consider p^ We have "i^, = -jV JP« *^^ ^y *^^ ^' = A 
p^ sec 0. The numbers 9 and 3 are entered as above explained, 
opposite^,. Proceed in a similar way with^,, j?^, and so on to 
the last. 

The figures which are thus entered may be called coefficients 
of strains. 

71. — RESiTijT8.-An examination of the coefficients of strams 
in Fig. 61. readily gives the following results : — 

a. Whether the weights are equal or unequal the end braces 
are strained most when all the apexes are loaded. 

S. The strains on all the other tie-hraces are not a mascirrhvm 
when all the apexes are loaded. For instance, if we consider 
the brace-tie c 3, we observe that p^ and p^ produce tension 
while all the others produce compression, and when all ar6 
loaded it is evident that the resultant strain will be the dif 
f erence of the two strains. If all the weights are equal, the 
sum of the coeffiments of compressive strains will be 16, as 
given in the figure, and the sum of the tensile strains will be 
4, which is also given in the figure. The resultant strain will be 
— 16 + 4 = — 12, which is placed on the right-hand side of 
c3. 

c. Whether the weights are equal or unequal, the strains oi. 
the tie-braces between the loaded joints are equal, but in an ^ 
opposite sense, i.^., if one is compressed the other i ^tensioned. \ 

d. To produce a maxi/mum strain on any pair j for an urn- 
form load, all the apexes between that pair and the remote^ena 
must he loaded, and aU the others unloaded. Thus the tie- 
brace c 3 will be compressed an amount i*epresented by 16 ii 
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the apexes 3, 4, 6, and 6 are loaded, and 1 and 2 unleaded ; but 
if either 1 or 2, or both, are loaded, the compressive strain will 
be diminished bj just the amount of tension which thej would 
produce. 

e. A maadmumy m the opposite sense to the former ^ may he 
obtai/ned ty loadmg from the pavr considered to the nea/r end 
and urdoadmg M the rest. Thus, if e 3 has a maximum comr 
pression for the loads 3, 4, 5, and 6, it has a maximum tensiofh 
for the loads 1 and 2. Similarly, o 2 has a maximum tension 
for the loads on 3, 4, 5, and 6, but a maximum compression for 
the loads on 1 and 2. For convenience in the further discussion 
of similar cases, call the greater maximum, or that given by 
principle d — ^the prihart WLAJurnvTa^ and that given by 
principle e the sbcondary nAximvia. 

f. Suppose tluit all the apexes a/re loaded with equal weights. 
Add all the coeffvoients of strain for compression, as shown in 
the figure, and do the same for tension. Take the difference of 
these and enter them as shown in the figure. We thus find for 
the resultant strain, for the central pair, 12 for the first pair, 
each side of the centre, 24 for the next, and so on to the end, 
from which we observe, in this case, that: — 

1st, There is no strain on the central pair of braces ; 

2d, The strains upon the tie-braces are proportional to the dis- 
tances of their lower end from the centre of the lower chord. 

Hence, the actual strains on the tie-braces are : — 

On the central pair, = 

On the first pair from the centre, = 12 x -^psec =: p see $ 
On the second pair from the centre, = 24 x -^pseod — 2pseo 
On the third pair from the centre, =36 x -^p see = 3p seed 
On the X pair from the centre, = xp see (101). 

With the exception of seo 0, these results are the same as for 
the shearing stress on a horizontal beam which is loaded with 
equal weights at equi-distant points, and symmetrically placed 
in reference to the centre of the beam. See Eq. (17.) 

ff. When the weights are unequal, any joint may be loaded so 
heavily as to determine the nature of the strain on all the tie- 
braces, in which case all those which incline towards the load 
will be compressed, and those which incline in the opposite 
direction will be extended. 
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If all the weights are equal, and the central pair, p^ and p^ he 
removed, there will be no strain on all the tie-braces between 2 
and 5. Similarly, if p^ and^, also be removed, there will be 
no strain on all between 1 and 6. 

73. — FOR]IE17I<A8 FOR STRAINS ON THm TIB-RRACES FOR 
A 17NIFORH LOAR. 

Let N = the total number of bays in the supported chord, also 

equal to the number of joints in the unsupported 

chord ; 
n = the number of bays from one end to the foot of the 

pair which is considered ; 
X = the number of bays from the centre to the same pair, 

and 

p ^Px =i>t =i>i =i>«etc 
We have 

n + aj = i -3^ when n < \N^ and 
n — a = i^ JT, when n > \ N 
.-.SB = ± (4 JT— n), 

which in Eq. (101) gives 

xp86cez=z ± (i N'-'fi)p%ece— T (iP — 2ir7i)^^<9(ji9 

for the strain on the tie-braces which terminate at the end of 
the n-th bay. In the last form the quantity in the parenthesis is 
the coefficient oj^ strains. 

This equation may also be deduced from the principle of 
shearing stress. For we have V^ = i -^5?, and between the end 
and n-tii bay the load is r^ ; hence, according to Eq. (17), we 
have Sg = i Np — wjp = (4 iT — n)^ = i (JT — 2/i) j?, 
and this resolved in the direction of the brace gives 

\(N- 2n)pseo0 = {iSp — np) sec $....{102) 

In this case we observe that the negative values, which result 
f orn > i ^y apply beyond the centre. * 

* 1 have Bouglit for a formula which will giye the BtrainB on the ties and 
braces by the simple sabstitntion of the sacoessiYe numbers 1, 3, 3, etc., the 
cesnlts of which would give the strains on the snocessiye ties and braces 
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|i*or the end braces, a 1 or ^ 6, make n = or = il^ and 

Eq. (102) gives 

+ i ]!irj}8ee0 = iW^8ece (108) 

in which TT, is the total weight of the load. 

This solution suggests another mode of considering the prob 
lem. Thus, in Fig. 61, the stress on the end braces is i Sj> sec 
0. To find it on the next pair, conceive that the truss is sup- 

ooimtiiig from one end, as in Fig. 61~a. This I have done by trial We must be 
guided by Equation (102), and must make such an equation as that the results 
shaU be the same when we substitute 2, as when we substitute 3 ; similarly, 
they must be the same for 4 and 5, and so on. This I do by making such an 
expression as that one term shaU disappear when the other is real The sigju 
of the results must also be rmnus for the odd numbers from the end to the 
centre, andp^utf beyond the centre ;— and pkis for the even numbers between 
the end and centre. These results may doubtless be secured in various ways, 
but I have hit upon the f oUowing : — 

First, let ti^ = an odd number of tie-bracea = 1, 8, 5, eta, then n^ = 

8 n + 1 ; and Eq. 102 becomes \ N—nf + 1 p ^ec 9. This term must be 

so affected as to be minus for the first part of the truss, and at the same time 
vednoe to zero when an even number is substituted for n''. 




Tig. 61-a. 



We observe that eo9 2 nfir is always + 1 for integral values of n' ; and evi* 
iently cm 2 n'w^cos 2 n'n = 0. The odd powers of (—1) are —1, and the even 
powers are •*- 1. . •. (—1)**' aw 2 n' ;r is — 1 f or aU odd values of n\ Henoe 

\ fc-lK «w2 nfn—im 2 n\ 1 
Is —1 for th ) odd values of n, and zero for the even values. Thus, 

If »' = 1, we have i [(-l) x 1 - l"j = - 1. 

If »' = 2, we have \ ["(+1) x 1 - l"| = 0. 

If »' = 8, we have \ [(-1) x 1 - ll = - 1, 
•nd oo on. Heaoe, for the odd numbers of the tie-braces, we hava 
i[-y-.n' +llp««j|r(-r'^«it2»'«-.«»2»' 1 
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ported at 1 and 6, the points where the first weights are applied 
counting from each end. Then the stress on 1 & and h 2 will 
be the half sum of the remaining weights multiplied \yj sec0\ 
which is the same as (i2'^ — Ij^) aeo 0. To find it on the next 
pair, conceive that the truss is supported at 2 and 5, and we 
have the stress on 2 e and c 3 equal to one-half the sum of the 
remaining weights multiplied by see or {iSj> — 2p) seo 0. 
Hence, generally we have (i^ — nj>) seo ba before. 

If n' = an eyen nnmber of the tie-braces, we liaye n' = 2 n, and Eq. (102) 
becomes i {N—n')^ which expression must be positive for even yalaes of n', 
and disappear for odd yalues ; and as it is to be real when n' disappeazs, we 
wiU use nf instead of n', Beasoning in ezactiy the same way as before, and 
we have for this term 

i I i^T— »' J pseeB [(—1) n'eos 2 n^ir + <^ 2 »'» j 
Hence, toe have far the strain upon the n*-th tie-brace, 

jjf^n' + ll X fc-lK aw 2 n'lr - a»2 n'irl + filT-n' 1 x 

L— l)n' (jo» 2 »'ir + «»2»'irJ \lpsec9 (108a) 

ExAMPLB. — ^Let iT = 6 as in Fig. 61. 

Then far the first bnoe n' s 1 and we hare I 8 x (-8) + 6xo|3i^pMc9s>8p Mcf 
ThenfartfaeHOOondtie-biaoen'sSandwehaTe I 6 x (0) + 4 x (+8; l^pMc^s+SpMcf 
Then far the tbixd tie-braoe n's 8 and we hare T 4 x (-8) + 8 x (0) l)i^p »ec# = - 8p tte9 
Then for tlie fourth tle4»raoenss 4 and we hare j 8 x (0) + 8 x (+S) WpucB ^ '{-pMc9 
Then for the fifth tle-taraoon'= 6 and we have JS x (-8) + l x (0) hipucB si ^ptte$ 
Then for Uie sixth tie-brace n's= 8 and we haye T 1 x (0)+0x (+8) l)i^pMC0sO 
Thmfiir12ieseTenthti»>bxaGen'B7andwehaye| x (~ 8) - 1 x (0) |3i^p«eo0 = O 
Then for Uur eighth tle4>nK)efi^s 8 and we haye ^ 1 x (0) — 8 x (+8 h^pMctf = -|)Mel 

Then for tke ninth tie-braoe n' s 9 and tve have j-S x (—8) -8 x (0) | }ip 9BcB ^ x ptci 

and SO on. It will be obsenred that the signs change after passing the middle, 
as they should. The signs take care of themselyes, and the result tells.whethei 
% piece is a brace or tie. 
The trigonometrical term may properly be caUed a Modutus of Sigm, 
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73. — INOTBOEBR SOLUTIOlf • The stxain on the end bxaoei is [1 + S 
4-5 + 74 eta, to iTtezms]'^^-^ = i Np seoO as before. The Btrain upon 

the pair at the end of the n-th bajisl (1 +3 + 5+7. . . .to (i^— n) teznu) 

— (l + 3 + 5 + ....toi* terms) I 2 2f 

pseeB 
as before. 

74. — iiiAxiimnii strains on thb tib-braobs. — The oon- 

ditions for a maximum strain on the tie-braces have been given 
in dy Article 71. From the figure we see tliat the prvmary 
maximum strain on a pair at the end of the nr\h bay is 

Fl + 3 + 5 +.... to {If^n) termsl-^l^ = {^JST^rCf?^ 

This may also be found by the principle of shearing stress ; 
for the load is {N—n)p to produce a maximum strain, and 
from the principle of the lever, we have 



AF, = (ir-.n)'2^; 



and as there is no load between Fj and the pair considered, 
this equals the shearing stress. This multiplied by sec 0j gives 
the actual strain ; Or maximtmi strai/n on the braces at the end 
of the n-iii bay is 

iir-ny^ (104) 

. If the moments be taken about the other end, we have 

:. F.= (ir-«)(ir+«)^ 

Weal8ohaveT,+ F, = (iT-w)^.-. F, = (jr- n)j)- V 

But 8,— Y^ — {ZT— n)j>= — T^ as before, only with a cchi 
trary sign. 
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Secondary maanmum. An examination of the case ehowa 
that we may still consider (-ST — n) joints loaded, but n must 
exceed iJV. Hence Eq. (104) gives the strain for the secondary 
maximum when n > ^iT.* 

75. — STRAINS ON TSUB CKORDS. — IXstrtbution of the 
atrwma. 

First consider p^. iV-Pi ^ supported at g and {^p^ at a, as 
before stated. The former is to be resolved in the direction of 
the brace gQ and of the chord gf. That in the direction of g6 
has already been considered. That in the direction of the 
chord is evidently ^Pi tang 0. Taking 1 to represent the 
strain as before, and it is placed on the lower side of gf to re- 
present tension. This strain is transmitted through the suc- 
cessive bays until it is met by a counter-strain from the opposite 
end. At /, the tie /Q produces a pull of ^V-Pi ^^ ^> ^^^ ^® 
brace y^5 a push of the same amount, so that both produce an 
increment of -^Pi tang ; which added to the -^Pi ta/ng 
previously found gives -fyp^ tang for the total strain on^. 
Similarly, we find -^Pi tang for the strain on edy and so on 
to bay where it is {^ j?^ tang 0. Proceeding in this way with 
each of the weights, observing to pass from each end to the bay 
directly under the weight, and we reacfily find all the numbers 
which are placed below the lower chord. In the same way we 
find those which are placed over the upper chord. 

We observe from the figure 

1st, That the strains are all in the same sense, i. «., all the 
weights produce tension on the lower chord, and compression 
on the upper ; and hence, 

2d, The chords receive their maximum strain when all the 
joints are loaded ; and 

3d, If all the weights are equal the greatest strain will be at 
the middle of the chords and least at the ends. This is similar 

* Pzooeeding as in the ^Teo&^ng foot-note, and we may find for the nuudmiui 
■train an the n'-th tie-brace the foUowing expression : — 

s [2 JV— »' — iTx [(— D-'ftwSn'ir — «w2n'irl 
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to a beam which is supported at its ends and nnif ormly loaded 
over its whole length. 

This mode of determining the strains on the chords' is not 
considered practical. 

The method hy moments is the usual one. 

From 1 let fall the perpendicular y\ 

Letyl = /> = the depth of the truss ; 
t^ = the tension on ab^ the first bay ; 
t^ = the tension on hc^ the second bay ; 
t^ = the tension on the n-ih bay ; and 
Z = aJ = the length of a bay. 

Take the origin of moments at 1, the point about which the 
truss will turn if od be severed. When the internal forces are 
substituted for the strains, and we consider the conditions of 
equilibrium in reference to them, we must consider the external 
forces only on X)ne side of the section ; for the internal forces 
transmit the strains from one side of the section to the other. 
Hence, for equilibrium, we have 

F, ay = ^„ yl 

••^> -^ ''» - 2? * 

for the tension on the first bay. 

For the second bay take the origin of moments at 2, the 
point about which the frame would turn in case bo were severed. 
Hence we have 

F. X f l—p^ ^l = t,xl) 

.•.^.= (3F.-2j>02^ 
for the tension on the second bay. Similarly, 

«. = (5 F. - 4i). - 2i>^ ^ 

t, = (7 F. — 6i>. — 4i>. - 2i>.) g-2j 

A. =((2n-l)F.— (2n-2)i>.— (2«— 4)ft...i>.)j^. (106) 
Up =j>, =J'i =P, = etc. =j>n the expression beeome« 
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much simplified, but instead of reducing the preceding equation 
for this case, we majr solve it directly from the figure, thus 

Moment of F» = F. (n — i) ? = i iTp (2 n — 1) I, which 
is the moment of an upward force. There will be n downward 
loads including the one over the n-th joint ;* hence the down- 
ward load will be nj>. The abscissa of the centre of gravity of 
this load from the origin of moments, is i (w — 1) ^ ; and 
hence tlie moment of this load ia^n{n — 1) i:> 2* The moment 
of the tension is t^ D. Hence we have for 

The tension on the n-th hay of the lower chord 

t. = []!r{^n-l)-^n{n-l)\fL (106) 

BzAMFLB.— Let JF = 6 ; ^ = tcmg B, Then Eqnatioii (106) gives 

Por n = 1, <i = Mp tang e 
n = 2, ta = H P to»^ $ 
n = Sjts = W P tang $ 

n = 4, ^4 = W P ^^ff ^ 
n = 5, ^t = f I p tang $ 

n = 6, <6 = H P tow^ ^ 
It wfll be observed that the namerators, 36, 84, 108, &o., ore the same ot 
the strahis as given in Fig. 61. 

In Eq. (106), if » = ^JV,t^ = i^^= i -^'- - (l^^^) 

in which 

W^ = the weight of the total surcharge^ 
X = the span, and 
D = the deptii. 

Stroma on the tipper chord. 

Let ^« = the compression on the n-th bay of the upper chord, 
and the other notation as before. 

Let all the weights be equal to each other. If any bay of 
the upper chord be severed, the system will turn about some 
joint of the lower chord. Take the origin of moments at 

* The moment of the load at the joint about which it tends to turn is Tcro ; 
henoe it will make no difference whether we include this or not. For the 
lever arm will be different, and the result will be the same in both oases. If it 
is not included, the load wiU be (n — l)p. 
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any joint (the n-th) of the lower chord. The moment of V^ will 
be Vjid = i NpinL There will be a load equal to np acting 
down, whose lever arm (or distance from the origin of moments 
to the centre of the loading) will be \nl\ hence the moment 
of the downward forces will be \ffpl. Hence 

The strain on the nrth bay of the upper chord will be 

c^={iJ!fpnl-Wl>l)^={J!r-n)^ (108) 

that is^ the strains vary as the product of segments into which 
the chord is divided by the joint considered. 

lin =z i iTwe have 



c. = iii^^ = iTr. 






±1 

BxAMFLB.— Let ir= 6, and — ^ = taog e. Then Eq. (108) gives, 

For n == 1, 01 = fl p tang e 

n = 2, 0s = f } p tang $ 

7» = 8, 6t = W P tang 9, eto. 
The numexatozB of which are the same as the sum of the strain, In the sereraS 
bays of the upper chord in Fig. (61). 

76, — SUB-CA8B, IN ITHICH THB NUMBBR OF BATS IN 

rHB liO^nrBB chobd is odd. — In the preceding case the 
number of bays in the supported chord was even. Now suppose 
that they are odd, as in Fig. 62, where iT = 6. 




DUtributmg the strains in exactly the same way as before, 
aud we have the numbers as given in the iigure. A compari- 
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son of Fig. 62 with Fig. 61 shows that all the principles 
which were drawn from Fig. 61 are applicable to this, 
except that of the strains on the central braces. There it wbs 
zero, — ^here it is i*^ j? sec ^ = ip sec 0. 

The cause of this difference is due to the fact that in this 
case there is a load p at the middle joint, which was not at that 
pointy in the former case. The strain on the central pair here is 
the same as if no load was upon the truss except the one at the 
third joint 

The formulas for the strains upon the chords and tie-braces 
are the same as in the preceding case. Hence Eqs. (102) (104) 
(106) and (108) are directly applicable. 

77,— iNVBRTBD TRI7S8. — ^If the truss is supported by the 
upper chord, as in Fig. 63, the nature of the strains will all be 
inverted; that is, the supported chord will be corrvpressed 
instead of tensionedj and the end tie-braces become ties instead 
of Iraces. But the amount of the strains on all the pieces will 
be the same as in the preceding case.* 




Fig. 63. 

78. — ITBIGHT OF THB TRUSS CONSIDERBD. — ThuS far 

no account of the weight of the truss has been considered. This 
Is a permcment dead load. Its amount cannot be accurately 
determined until the dimensions have been determined, and 
these cannot be ascertained until the total load is known. Hexice, 
algebraically speaking, the weight of the truss is an implicit 
function of its dimensions, and in most cases it is impracticable 
if not impossible to make it explicit. The practical way is to 
U89ume the weight of the truss and find its dimensions on this 
hypothesis ; then compute the weight from these dimensions 

"^To make Eq. (103 a) strietly applicable to this case wiU require a mhwi 
ngn before the whole expression. 
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and compare the result with the assumed weight. If the 
bridge is properly proportioned, we see from the preceding 
analysis that the chords will be largest at the middle and 
smallest at the ends ; and the braces will be largest at the ends 
and smallest at the middle. We may, therefore, without sen 
sible error assume that the weight of the bridge is a permanent 
uniform load. If we further assume that the weight of the 
bridge is carried at the upper apexes, we have 

W 

—^ =: w^ = w^ =z w^ = etc (109) 

in which 

Wi = the weight of the truss ; 
N^ = the number of bays in the lower chord ; and 
w^ = the weight on each joint due to the weight of 
the truss. 

This value of w^ substituted in Eq. (102) giv6s 
Far the strain on the tie-braces at the end of the 7^-th bay due 
to the weight of the truss^ 

= i (iT- 2 n) -M^, see (110) 

The differences 36, 24, 12, etc., placed opposite the tie-bracee 

w 
in Fig. 61 may be considered as coefficients of ^-^ sec 0. 

Adding Equations (104) and (110), and we have 
27te strains on tJie tie-braces at the end of the nAka bay when 
the weight of the truss is considered, and a uniform load 
extends from the nrih. bay to the opposite endy both loads on 
the upper chord ; 

= TiT- 71)'^ + (iT-. 2 n) irt£7l--?|^.(lll) 



* Introduoizig the modoU of Bigiu and we hare the stram on the n^-ih Ue< 
fataoe 

= I [(2 iV- n' - l)«p + 4 (-y - »' + 1) JVwijx [^( - ly ca$2n' n 
[-16- 
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79.— DISCUSSION OF BCI17ATION (111). — 1st, If n = ^ Jfj 

the term containing w^ disappears ; that is, when the number of 
bays in the supported chord is even, the truss as an uniform 
load produces no strain on the central tie-iraces ; and the 
Equation becomes 

i ITp 8eoe=iiW^8eo0 (112 a) 

for the maximum strain on the central tie-braces. 

2d, If n = 0, we have 

i (iV> + JTw,) seed -\W 860 d (113 h) 

which gives the strain on the end braces. It always exceedfl 
four times the maximum strain on the central pair. 

3d, If i\r = 1, we have the case of a pair of rafters, and at the 
same time making n = 0, and we have for the strain on each 
rafter \{jp + w^ 8eo 0j which is the tome aa the second of Eqs. 
(68). 

4th, lin < i J}r^ the coefficients of ^ and w^ are both positive, 
and hence the weight of the bridge and live load conspire to 
produce strains when the live load extends over more than half 
the length of the truss. 

5th, If n > i iV, the coefficient of w^ becomes negative, and 
the o(her term remains positive, and hence the dead and live 
loads act in opposite senses, and hence the total strain is the 
difference of the two. 

6th, If Eq. (Ill) be placed equal zero, and solved for n, we 
have 

« = p-^-^± s/¥^' -^^ J ^ • • • • ("^ 

It may easily be shown that there will always be one value of 
n in Eq. (112), which is less than JV and greater than i If, 
Call this value n^ (for it reduces Eq. (Ill) to zero). The other 
value of n exceeds iT, and hence is beyond the limits of the 
problem. At n<, the vertical shearing stress is zero. 

In order to get a better idea of the results of this discussion, 
conceive in Fig. 61 that all the apexes of the upper choini are 
loaded with equal weights, then the end brace will receive its 
maximum strain, which is found by making n = in Eq. (111). 
Now i-emove p, and the tie h 1 and brace h 2 will receive theii 
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maxiinun) strain, and may be found by making n = 1 in Eq. 
(111). Eemove^j and the tie-braces c 2 and c 9 receive their 
maximum strain, and so on, to the middle. 

As soon as we pass the middle, the resulting strrJns will be in 
the contrary sense to that which is prouuced by the permanent 
load, and tliere will be a secondary maximum, the primary 
maximum being secured by the load passing off in the opposite 
direction. Continuing to remove the weights beyond the centre^ 
we soon pass the point n^,, and after that the only eff'ect of ffie 
remammg weights as they a/re removed one after the other vnH 
he to relieve the etrai/ns which a/re produced hy the weight of 
the hridge. Equation (111) for n > n^ becomes negative. By 
moving in the opposite direction, the distance n^ will be counted 
from g. It will be observed that n represents the unloaded 
part. The tie^braces each way from the middle to the joint n^ 
are true tie-hraces, for they will be subjected to both tension and 
compression for loads which move on or off either way. And 

generally we observe that in any case those inclined \ *'^J^^® i 

the point of zero shearing stress will act as j ^j^ > 
BXAMFLB.— Letp = 6 tOi and if = 6 




Fia. 63hi. 
Let the reotaogles on the upper chords represent f0i, and the spheres p. In 
Equation (111 > make if := 6andp = 6 tti and it becomes fcC — n)' + 3(8 — 

When n = 0, we have the case shown by (a) Pig. 68-a, andihc 



fi)J 



Pi 



M0d 
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strain is/H Pi *^ ^* 
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Aetaining only the quantity in the parenthesiB and we have for the mazi- 
mum strain on all the tie-braces for a uniform load moving off without shook, 
by making » = 0, 1, 2, 3, eto., in Eq. (Ill), as follows : — 

For n = a, strain on end brace or Ist half pair, = 43, «M a Fig.63-a 
n = 1, strain on end brace or 2d pair, = 29, «M 5 Fig.63-a. 

n = 2, strain on end brace or 3d pair, = 18, see e Fig.63-a. 

n = 3, strain on end brace or 4th pair, = 9y see d Fig^3-a. 

n = 4, strain on end brace or 5th pair, == 2^ see e Fig.63-a. 

n = 5, strain on end brace or 6th pair, r= — 3, see f Fig,QS-a, 
n = 6, strain on end brace or 7th half pair = — 6, 

Those which incline towards the rear end of the load act as braces, with the 
exception of the second one from the end which remains a tie. The last one 
is the strain on the end brace due to the weight of the truss. 

80, — PROBLEM. — Find the Strain upon any tie-brace — ^the 
flj-th for instance — when the rirth is strained to a maximum. 
This is equivalent to finding the strain upon any tie-brace for 
any qf the cases shown in Fig. 6S-a. 

81* — STRAINS ON THB CHORDS ^HTHEN TBE WEIGHT 
OF THE TRUSS IS CONSIDERED. 

Let W= TF; + TT, = the total load ; then p + w, = lF-4- 
]Vy which may be substituted directly in Equations (106) and 
(108). Hence, we have for the strain on the n-th bay of the 
lower chord 



(113) 



t„ = rjr(2n-l)-2»(» — l)l^£^t3_/ 

And for the compression on the «-th bay of the upper chord 
c. = (iT- «.)^ CP + to.) (114) 

83. — DinrENsioNs of the ties. 

Let ^= the section of a tie ; 

T = the modulus of tenacity ; and 
/= the factor of safety = J to ^ for iron, and -^jf for 
wood. 
Then fKT = the working resistance, which must equal the 
strain given by Eq. (Ill) ; 

'.fKT =\kN- nrp + (JT- 2 n) Ifw, 1^ 
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X = r(ir-n)'j? + {JV- 2 n) ^«,.J^,^1-. . .(115) 



seed 



lu wliich for a maximum n should not exceed i JV, If several 
ties are used to resist the strain at any point, this value must be 
divided between them. In the case of bridges there are always 
two or more trusses, and the above values should be divided 
by two or more, and sometimes there are two or more ties in the 
same truss to resist the strains at any point. When n exceeds 
i JVin Eq. (Ill), the resulting values of the equation show the 
strains which will fall upon the fastenings at the end when a 
piece which is ordinarily a brace becomes a tie. In wooden 
structures the parts are rarely proportioned so as to vary accord- 
ing to the strains, but they are proportioned to carry the great- 
est strains, and all the other pieces are made of the same size. 
Conventional sizes are also sought even at the expense of some 
waste of timber, for the aggregate cost is generally diminished 
by so doing. 

83« — DIMENSIONS OF TWB BRACES. — The braccs are gene- 
rally so long that they may be considered as short or else as long 
columns. 
Let h =: one side of a brace if it is rectangular ; 
d = the other, b < d; 

m = the number of braces used to carry a strain ; 
J^ =u the factor of safety ; and 
Then from (58), we have 

r. ,^ X, / T.1- « N nT T 6 ? sec 

V = Y^ir-nyp + iJ^-2 n) mc,j ■:;^^j.j^ 

If the braces are round, their total section will be rmrf^ in 
which r is the radius of the cylindrical column ; and r may be 
found from Equations (60), (61), (62), (63), (64), or (65), as the 
case may be, combined with Equation (111). 

84* — ^DiniENSiONS OF THB CKORDS. — The dimensions of 
the chords may be found in the same way as the ties and 
braces. 
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€A8B IT. — TbIANGULAB TRUSS LOADED AT THE JOINTB 01 IHE 
SUPPORTED CHORD. 

85. — DISTRIBUTION OF STRAINS. — In Fig. 64 the number 
of bays in the supported chord is odd, and equal to five. As 




Fio. 64. 



before, calling the weight at 1, jp^j at 2, j?„ etc., and we find 
that F, sustains four-fifths of j?, ; and F„ one-fifth of ^i. The 
proper figures are entered on the upper part of the truss, those 
representing compression being on the right, and tension on 
the left of the respective pieces, as in the preceding case. 




Fio. 66. 



In a similar way W) find the distribution of the straiiia when 
the number of bays is even (six) as in Fig. 66. 
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An examination of Figs 64 and 65, compared with Articles 
97 and 102, shows that they present no new prirunplea. There 
is a difference in the numerical results which is due to the fact 
that the load in this case is supported on one less apex than 
there are bays. We observe here that the two tie-braces at 
each end receive the same strain, so that we may count them 
by pairs, the ^th pair correspondix^ to the ^tib 4y. 

86. — 8TRB80 ON THB TIB-BRACBS. — ^Ist, FoT egtiol WeiffAtS 

on every joint 
The total load = {]!f-l)jp 

The number of weights between the end, as a, and the 
7»-th p^ir, is n — 1. Hence, the shearing stress on the 7»-th pair 
is 

S;=r,~(n-l)^ = i(iVr-l)i>-(n-l)^ = i(ir-2n + l)ii 
, • . strain on T^th pair due to the^'* is, 

=:i(]!f'-2n+l)p€eGd. (116) 

strain on TZrth pair due to the weight of truss is 

= i{]}r-2n +I)w,8ec0 (117) 

and the strain on T^th pair due to the j>'«, and weight of truss, is 
=:i(ir- 2 n + l)(jp + w^aeod (118) 

In this case the total weight of the truss is supposed to be 
supported at the joints of the lower chord. This is done for 
convenience in the investigation. A part of the weight is evi 
dently supported at the joints in the upper chord, and the re- 
mainder at the joints of the lower chord. This modification of 
the case will be considered hereafter. 

The above result may also be found by summing the series of 
coefficients, and multiplying the result by j> ^e{? 0, as in the 
preceding case. Thus, 

[1+2+3+4+ ^<>(ir-n)^an?w -(1+2+3+ to(n-l) 

terms) ]^p = Jir(ir-2n+l)-P^ 

2d, MaQcim/wm strain for equal weights. An examination 
of Figs. 64 and 65 shows the same result as before, tJuU to 
produce a rnaximwn stress on the n-th pa4/r of braces the 
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loctd must extend from tTuxt pa/i/r to the remote end, and t/U 
remainiriff part he unloaded. This principle is general for all 
trusses with parallel horizontal chords. Li this case we have 
{n —1) unloaded joints, and N —n loaded ones. Hence, for 
the maximum stress on the 7i-th pair of braces we have 

I 1+2 + 3+ etc.,....to(ir- w.)^(?rm« 1-2-^-== (iT- ») 

(iT-n+l)^ (119) 

Or by the principle of shearing stress, we have 

^,= F. = (ir-n)(ir-n+l)^ 

or 

5. = F. - (iir- n)p = \{N- n)i> - FJ -(N-n)p^- 7, 

as before, with a contrary sign. This multiplied by sec gives 
the stress as before. In the former expression, 8^ = V^ because 
there is no load between V^ and the nr\h pair to be subtracted. 

3d, Maximum stress for a partial unifo^^m live load amd a 
total dead load. The latter includes the weight of the truss. 
Adding Equations (117) and (119) gives 

The maxi/mum strain on the n-ihjpair of tie-iraces for tmi- 
form weights indvding the weight of the truss, 

=r(ir-7i)(ir-n+i)i> + (ir-2n+i)ir^l2^ (120) 

in which for a primary maximum n x=: or < ^If. 
This equation may be discussed in the same way as Eq. (111).* 



* By nnmbering the tie-braoes as in Fig. 66, and introducing a modului ^ 
tignSj we have 
The nuuBunum strain en the nf-tb. He-lfrcuse, 




Fig. 66. 
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87, — GENBRAii MBTHOD. — ^For parallel horizontal chords 
the shearing stress multiplied by the secant of the inclination 
of the tie-braces, gives the stress on the ties and braces at that 
section. 

The reason is evident, for the chords do not snstain any trans- 
verse stress (when the joints are perfectly flexible as we are now 
supposing), and hence it is all sustained by the ties and braces. 
The value of the transverse shearing stress is given in Aiiide 
84 of the author's ^^ Besistance of Materials." It is simply the 
resultant vertical force. Hence, if 
Fj = the reaction of one support ; 

V^ = the reaction of the other support; 
Sj^j> = the sum of all the weights between V^ and the end of 

the TJrth bay ; and 
X^^^ P = the sum of all the weights from the end of the T^-th 

bay to F, ; we have 

^. = F, - -So"i> = - ( F. - -S/-»i>) (121) 

and the stress will be /S, *^ ^ (122) 

It is easy to show, from Eq. (121), that iki^ primia/ry m/ixeimmm 
is obtained for a uniform load, when the longer segment is 
loaded and the shorter unloaded. 

88, — PBOBLKMs to he aohed ly Equation (121). 

1. Find the strain on the aj-th pair of braces when the T^ih 
receives its maximum for equal weights, the weight of the truss 
being included. 

2. Suppose that N\% odd and that equal weights are placed 
on the even joints, required the stniin on the tie-braces between 
the n-th and (/* + 1) weights ; the weight of the truss not con- 
sidered. 

3. Let p^ = 2p, ; p^ = 3j?, ; p, = 4p, etc., p^ = np^ re- 



= \ n^y -n') (JV— n' +1) p + (ir-2 n' +1) JVwi"] x [ ( -I)-' m 2 »' 
- AMd n' yl + [(JV- n') (Jf - n' +l)ii + (jy-« »' +1) Jfwil x ["( -1)- 
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quired the shearing stress between the 1st and 2d load ; the 
8d and 4rth ; the {n — 1)* and n*. There being iT bays in 
the lower chord, and the load on the lower chord. 

4. Find the strain on the n-th tie-brace when all the joints in 
the upper and lower chords are equally loaded. 

In this case the load may be equally distributed on both 
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chords, or it may all be on the lower chord, but in the latter 
case the weights at the middle of each bay must be supported 
directly by vertical ties which transmit the stress directly to the 
joints in the upper chord. The vertical ties are not essential parts 
of the truss. The strains are not transmitted through them as 
they pass from joint to joint. They simply transmit the load 
to a joint. In this case each of the essential tie-braces receives 
a different strain, and hence we find the strain upon the n-th 
tie-brace directly (not upon a pair). The braces are numbered 
in their order as shown in Fig. 67. The strain on the ^th tie- 
brace is * 

(i\r-n + i)j}8eo0 (123) 

* In this case we get a simple modtUus of nigns, for the signs wiU change 
irith each successiye piece. Calling tension + and compression — , and 
observing that the first brace is compressed and we hare immediately — , the 
strain on the n-** tie-brace = (—1)" (If — n + i) p see 6, If the trass be 
inverted, we have — (— ly {If— n + i)p seee 

Mr. J. Borldtt Webb, class of 1871, Umverwty ofMkhigcm^ was the first to 
suggest to me the manner of numbering shown in Fig. 67. By placing the 
figures in the angles as shown in the Fig., he makes them number the tie- 
braces ; and also the bays of the chords at the same time. 

If JV = the total number of tie-braces ; i i\r will be the number of bays in 
the lower chord; or if Z = i the length of a bay, the total span will bo 

Mr. Webb then gives the following equations : — 

**if + 1 — 2n=F «wn» 

1 p9&s9 eosnn 
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5. Find the maximum strain on the Ti^th tie-brace when the 
live load is so placed as to produce a maximum, and the weight 
of the dead load is equal at all the joints of the upper and 
lower chords. 

Ans. f (2 iT- 71) (2 iT- n + 1) jp + {2 iT- 2 n + 1) 



2J^^,]-ri (124) 



4ir 



6. Find the strain on the x tie-brace in the preceding prob 
lem. 

7. If the weights increase as the natural numbers from the 
first joint, that is, if the load on the first joint is j? (this will not 
produce strains on the truss), on the second joint 2p ; on the 
third, Sp; and so on, required the stress on the n-th tie-brace. 

8. In the preceding problem, if successive weights are re- 
moved, beginning at 1, what will be the maximum strain on 
the n-th brace ? 

89.— STRAINS ON THE CHORDS. — Stram on the 8V{pporied 
chord. In Fig. 64, let the bay 2 — 3 be the n-th, conceive that 
this bay is severed, and instead of the strain, suppose that an 
equal stress, ^^, is substituted therefor. Taking the origin of 
moments at e?, and the moment of Fj will be Y^ijh — i) Z; 
and of the {jfh — l)_p'*, the moment will be i (ti — 1)*^Z; hence 
if the weight of the truss is considered, we have 

tn = V{N - 1) (i> + wO (n - i) - (« - 1)' {p + wO J 
' (125) 



3i? 



for the strain on the tie-braces, and 

nCJf-n) ± «^««I 

* ptanBein zH:^ » 

4 2 

for the chords. 

These give the strains on aU the parts of a Warren girder for equal loaos 
thronghont. When the npper joints are loaded nse the npper signs ; when 
the lower joints are loaded nse the lower signs ; and when both npper and 
lower joints are loaded nse both signs, that is, omit the ambignons term 
jmd change the denominator to 2.** 
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(126) 



In a Biniilar way we find that 

The strain on the nrth bay of ihe upper chord is 

I 
Cn = {J!f^-n)n{p + w, )-^-^ 

wr 

If n = i iT, Eq. (126) gives i-^ 



90, — ^PHOBiiBM. — ^Find the stress on the Wrth bay of tht 
lower chord in Fig. 67. Also on the n-tii bay of the upper 
cjhord. 



91* — EXAHPIiES* 1. Suppose that a triangalar trossed bridge is 120 
feet long clear span, each bay ten feet long, and the depth ten feet. Be- 
qnired the stresses due to a uniform dead load of sixty tons oniformlj distri- 
bated over its whole length. 

Here L = 120 feet; JV= 12; 

{= 10 feet; p= 5 tons; 

D = 10 feet; sec. 6 = 1.118; 

tang. 6 = i; No. of tie-braces = 24. 

Prom Bq. (102) we have 

The stress on the 1st and 24th — 33.54 tons. 

The stress on the 2d and 23d +27.95 

The stress on the 8d and 22d —27.95 

The stress on the 4th and 21st. ; + 22.36 

The stress on the 5th and 20th. — 22.36 

The stress on the 6th and 19th. + 16.77 

The stress on the 7th and 18th — 16.77 

The stress on the 8th and 17th + 11.18 

The stress on the 9th and 16th — 11.18 

The stress on the 10th and 15th. + 5.59 

The stress on the 11th and 14th. — 5.59 

The stress on the 12th and 13th 0.00 

Strains on the CTiords. — Eq. (106) gives for the strain on the lower chord, 
1st bay, 15 tons ; 2d, 40 tons ; 3d, 60 tons ; 4th. 75 tons ; 5th, 85 tons ; 6th, 9C 
tons. 

The stresses upon the bays of the upper chord are 27^ tons ; 50 tons ; 67^ 
tons ; 80 tons ; 87i tons ; and if we conceive an exceedingly short bay at the 
middle, we have, by makings = 6 in the equation. 90 tons, the same as at the 
middle of the lower chord. 

If the truss in the preceding example is made of wood whose weight is 50 
lbs. per cubic foot, and the section of the parts proportional to the stresses, 
we may readily find that the weight of the truss will be about 7 tons ; but if 
the braces are proportioned as columns, the weight will exceed this amount. 
The roadway and certain iron fastening^, etc., which are not included in the 
computation, would probably bring the weight up to 12 tons or more. 
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2. Let the length and depth of the tmas be as in the preceding example. 
Assume that the weight of the'truss is 15 tons (net), and the live load 60 tons, 
which is concentrated at the joints of the upper chord in equal amounts. 
Required the maximum strain upon the tie-braces as the load moves off 
without shock. Use Eq. (Ill) for the strains on the tie-braoes. 

Maximum stress on the 

nrat DUE. Second DUL 

1st . . - 41.98 

6.76 
2d and 8d . . . ± 86.17 ^.47 

6.29 
4th and 5th... ±28.88 0.47 

6.82 
6th and 7th... ± 28.06 0.47 

6.86 
8th and 9th... ±17.71 0.47 

4.88 
10th and 11th. . . ± 12.88 0.47 

4.41 
12th and 18th... ± 8.42 (middle pair) 0.47 

3.9 
14th and 15th. . . ± 448 (secondary maximum) 0.47 

8.47 
16th and 17th. . . ± 1.01 (secondary maximum) 0.47 

8.00 
18th and 19th... ± 1.99 

Between the 17th aad 18th the signs change, and the values after the 17th, 
which ar6 found by the formula, are the amounts which the live load relievei 
the stresses which are due to the dead load. 

3. LetZ = 60 feet; I = 6 feet; D = 10 feet; TF, = 80; TT, = 40 tons 
on the upper chord. Required the maximum strains as the live load moves 
off without shock. 

We have iV" = 12 ; Ifw^ = 30 tons ; Wi = 2i tons ; p = 8i tons \ see $ — 
1.08. 

4. What must be the relation between the Uve and dead loads, both uniform 
and on the upper chord, so that the maximum strain on the end braces shall be 
X times the maximum strain on the central pair ? iV may be odd or even. 

5. What must be the relation between the live and dead loads, so that the 
point of zero shearing shall be at xl{ ; or no = xN, x will be a fraction. 
Discuss the result, and show the limiting values of A 



98, — mwsTss.vw. amount of materiai^. — It is practically 
impossible to make a direct explicit solntion of the problem for 
determining the minimum amount of material for a bridge of 
given span and load. The simple reason is— the functions are 
too complex. For instance, consider a Warren girder in whicA 
^he lorro is 'wpon the wjpper joinU^ andlTever^ 
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Let the ties be of iron, and the braces and tie-braces be of 
wood* The section of the former will be ' 

in which T = the modulos of tenacity, and 
i^= the pulling strain* 
The section of the latter will be 

V G 

in which I = the length of the piece ; 

h = one side of the square section 

(7 = a constant depending upon the kind of 

material used ; and 
Q = the pushing force. 

The value of F, Eq. (Ill), or 

substituted in the value of h given above, and n made = 1, 2, 
3, etc., to \ JT, will give a series of values which may be 
summed into a single expression. 

The successive values of Q may be found from the same 
equation by making n = 0, 1, 2, etc., to \ N — 1, which, substi- 
tuted in the value of J' given above, gives another series which 
is not so easily summed. Near the middle of the truss we 
should determine whether a tie-brace when proportioned as a 
brace will not also serve as a tie, and if so it should not be con- 
sidered in the preceding expression. It is thus seen, without 
any further considerations, that the problem is a very complex 
one. - 

Having found the sections of the pieces, we proceed to find 
the total volume. Thus, let 

L = the length of the span ; 

I = the length of a bay ; 
D = the depth of the truss ; and 

= the inclination of a tie-braoe. 

Then I = -^ ; and t(mg = f. 
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The length of a tie-brace = D sec 0; and the transverse sec- 
tions as found above multiplied by D sec 0, and the results 
added will give the volume of the tie-braces. In a similar way 
the volume of the chords may be found, and the total volume 
is to be a minimum. But the problem is too complicated to 
make its solution of any practical ^alne in this connection. 

The problem becomes much simplified by supposing that the 
sections of tlie several pieces are directly proportional to the 
strains to which they are subjected. This case was solved by 
William Bouton, Class of 1865, Univ.-^ of Mich. (See Jovr. 
JPrank. Instj Yol. LXXX., p. 80). As the hypothesis which he 
assumed is rarely realized in practice, I will not reproduce his 
solution, but will give in the following table some of the results 
of his analysis : — 

TABLE 

GUvmg the inciination of the tie^acea a/nd the relation be- 
tween the length a/nd depth of a Wa/nren gvrder for a mim- 
mum a/mourU of material when tlie sections a/re proportional' 
to the stresses. 



VALUBS OF 







* 


P 


SPAN •«- DBPTH. 


6 

9 

12 

40 






\r 11' 

16** 14' 
14" 37' 

S*' 8'. 
7*^28' 


4.17 

5.03 

6.25 

11.43 

13.11 



The problem which has usually been given under this head 
is — Toji/nd the inclination of the braces a/nd ties so as to git)e 
a minimum amount of material^ the sections bevng proportionai 
to the stresses to which they are subjected. 
In this case, using the same notation as before, we have 
K = the section of any brace or tie ; 
D sec = the length of a brace ; and 
Tj -^ D tang = the number of tie-bi-aces. ' 



— = X — uuQ vuiuuiD uJ all the braces, wbich is to 

Dtang ' 

be a minimmu. From Eq. (118) we see that Ovaries as sec 6, 
and also with n, but in determining the inclination we are not 
coneenied with the latter ; therefore the eseentially variable 
part of the above expression becomes 

ae<fe _ 1 

t(mg 008 sin 
which is a minimum for = 45". 

But when the braces are proportioned as coInmnB, this solu- 
tion becomes of do practical value. 

03. — PKOPEB i.KNOTn OF THE BATS The length of the 

bays is, within certain limits, an arbitrary quantity. If too long 
they must be proportioned to resist a transverse strain as well 
as tension and -compression. After the engineer has fixed upon 
the length of the bay and the depth of the tmss, he may find that 
a single system of trussing will give too small an inclination to 
the tie-braces for economy ; in which case a double, triple, or 
multiple system may be used, as shown in the following eases. 

94.— OASB r.— DOTTBLB TBIATrGiri.AB SYWXEM ITITH IBM 
LOAD Olf TUB JOINTS OP TOtE SrPPOBTED OHOBD. 



F»k 68. 

This is sometimes called a half lattiox. 

OS. — 8TBBSS ON TQB TiE-BBAOBS. — The propet mode of 
tnalyzing this truss is to consider it as composed of two simple 
triangular trusses. The truss A ah od ef, etc., is the same as 
Fig. 64, with the load on the supported chord, and tiie sys- 
tem AaratiivwXjQ^., is essentially the same as Fig. 63, since 
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ill boEli cases the firet load is one-half a bay from the supported 
end. Hence, the strains in the former Bjstem are given by Eq. 
(120) and in the latter by Eq. (111). The end brace ^ a is com 
mon to both syBtems, and the stress on it is i 5p «ec 0. 



90. — sTRBss ON THB oBOBiM. — The stress upon the several 
bays of the chords may be found by treating the two trussea 
separately, as in the preceding article. Thus, to find the stress 
on tdyjii-gt find it on hdoi the system ^aJetZe, ete., which 
will be given by Eq. (125) ; secondly, find it on tvoi. the system 
Aarstuv, etc., which will be given by Eq. (106), and thirdiy, 
add the results for the stress oatd\ the part which is common 
to both hd and tv. 

97. — TowNK's ■ I.ATTICE IS a multiple triangular system, as 
shovm in Fig. 69. It was iSesigned many years since, long be- 
fore iron was used in this country, for bridges. It is com- 
posed of planks of uniform thickness and width, placed at equal 
distances from each other, and having equal inclinations in 
opposite directions. The planks are secured to each other at 
their crossings by wooden pins — sometimes called tree-nails. 



"Hie chords are also formed of planks of the same size as the 
lattice-work, and arranged so as to break joints. If the system 
is doubled, they are separated by one of the stringers of the 
chord, as shown in the "ckoss section" in the figure. The 
construction is evidently very simple, and may be made by aii 
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ordinary carpenter. They may be made by the mile, and cnt 
off by the yard to suit the occasion. Notwil^tanding their sim- 
plicity they have proved themselves to be very efficient in sup- 
porting loads. A railroad bridge on this plan has been in ase 
for many yeare over the Hudson River, at Troy, N. Y., and 
is now in good condition. Trusses on this plan have been made 
of flat strips of iron, which were riveted together at their cross- 
ings. Samples of such structures may be seen at Schenectady 
and Eome, N. T., on the New York Central Railroad. 

08, — ANAiiTsis OF TOiTNB's liATTicB. — Siucc the chordfi 

are of uniform size throughout, we have only to determine the 

proper size for them at the middle of the span. Suppose that 

the load is uniformly distributed over the whole length? 

Let W = the total uniform load hicluding the weight of the 

bridge ; 
X = the span ; 

D = the depth of the truss; and 
jBr= the pull at the middle of the lower chord, or com 
pression at the middle of the upper chord. 
Then 

in)==iWiZ-iWxiZ = i WZ. 

If there are two chords this stress will be divided by two^ 
and the quotient used for determining the size of the chords. 

To determine the strength of the lattice-work, let a vertical sec- 
tion, B&mn, Fig. 69, be made near the end of the truss, and let 
m = the total number of tie-braces cut by the vertical 
plane in all the trusses which carry the given load ; 
k = the section of each tie-brace ; 
O =T = the modulus of strength ; and 
= the inclination of the tie-braces. 
Then 
m Tk cos wiU equal the vertical shearing straML 

.\m Tkoo80-i W 

W 



m = 



2kToo3 
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This in an approxiinate solation, bnt it iE sufficiently exact 
for a wooden truss of this kind, in which the trussing and 
chords are uniform tliroughout ; bat in the case of an iroi< 
lattice, where it would result in a saving if the parts were 
properly proportioned, a more exact analysis is desirable, which 
may be made as in the following article. 

99. — ANALTSIS OF THE HIJI.T1FLB 'THIANGCl.jUl 8T>* 

TBn. — Let there be four systems of triangular trusses, as in 
Fig. 10. "We here consider the effect on each system, as if tibe 
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others did not exist, and then conceive that they are combined 
by being placed side by side so that their spans will coincide. 
Thus, beginning with jj„ we see that j?„ _p„ _p„ and_p„ are car^ 
ried by one system. Similarly, p„ p„ j),„ and_Pi, are carried 
by another system, and so on. The stress on each diagonal due 
to each weight may easily be found by the methods already 
explained. The diagonals which incline to the right in tbe 
figure are numbered from 1 to 17 inclusive. 

EsAMPLB. — Let the span be 120 feet, depth of troBs 10 feet, and 4 
i^stemg of rightang-lod triangles, oB in Fig. 70. Let tlie permanent load doe 
to the weight of the bridge be 2i tons at each apez, and the maving load S 
tons at each apev. 

Thtaip, =p, = p, = eta., = torn ; 
u, =- 2i tona ; 

2f= 19 = the number of bi^ in the spaii ; and 
e = 45\ 
.-.wo 8 = 1.414 
OouiArap,. The horizontal diatanoe between it and A iaont bay; and 
between it and B ia IS baja ; hence, A camea if p, and B ^p,\ ot A oarriet 
tf of a ton and B ^ot a ton. The strain on the biaoe nnmbered 1 will \m 
\\ X 1.414 = 6.635 tons. Betaining only one dsoinial Sgnie, and the leeolt^ 
6. 6, is entered in the following table. 
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The stresB on the braoea — 5, H, 13, and 17 dae to pi is the same on 
each, and is ^ x 1.414 = (j^^ of that on brace 1) = 0.441 + . Retaining 
only one decimal as before, and the results are entered in the preceding table. 

The stress on brace- 2, due to ptia^ipa x 1.414 = 6.186, which call 6.3 as 
in the table. Proceed in this way with each of the weights, and enter the 
results in dhe table. 

In this example, + is for tension, and — for compression. The maximum 
tension is found by adding all the + values in each horizontal line, and the 
maximum compression by adding all the corresponding — values. These 
results are given in the columns marked *^ Max. — p '* and '^ Max. + p." The 
values of the strains due to the weight of the bridge, Wi , are evidently one-half 
the strains which would result from loading every joint in the upper chord 
withp ; and hence may be found by taking one-half the algpebraic sum of the 
+ p's and — p's. The results are entered in the column marked + Wx. 

The strains in the columns + p and — p are those due to a live load ; those 
for — p being the strains due to a load moving off to the right, and those of 
+ p due to the same load moving off to the left. Those in the column + Wy 
are the strains due to a permanent uniform load. 

The maximum strains due to both the Uve and dead loads are evidently the 
algebraic sum of the strains due to each acting separately. These results are 
entered in the two last columns, the minus values being the strains due to the 
live load moving off to the right when the weight of the bridge is considered, 
and the other the effect of moving to the left. 



100, — AMBIGUITT IN RBGARO TO STRAINS IN CERTAIN 

CASES. — ^It has been shown, in article 71, that when the joints 
are equally loaded and symmetrically placed in reference to the 
centre, that all the tie-braces between the two most central pair 
of loads receive no strains. If this were generally true the 
strain due to the weight ^^ on the brace at the right of jp„ would 
be balanced by the strain on 9 due to the equal weight jp^ ; in 
which case neither would receive any stress due to an uniform 
load throughout. But an examination of the figure shows that 
the stress on 9 due to jp^ does not pass through the system of 
which ^, is a member. If the truss were only half as deep, the 
two tie-braces mentioned would belong to the same system. 
An ambiguity here arises as to which way the strains will 
definitely pass ; whether they will pass wholly by their own 
system, or partly by one and partly by the other. If propor- 
tioned according to an exact analysis, that hypothesis should be 
assumed which will give the greatest stress on any particular 
piece. This case is analogous to that of a rigid beam or frame 
which is supported by four or more props, in which case it is 
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impossible to tell exactly how much is supported by each prop 
If supported by three props, it is easy to tell the amount sus- 
tained by each. 

101. — ITARRBN^S OIRDBR KODIFIBD. — Bctuming UOW 

to the more simple form of the triangular tniss with equally 
inclined tie-braces, if we conceive that the load remains on the 
supported chord, as in Fig. 65, and that the upper joints are 
carried forward any amount, as for instance, until one-half the 
tie-braces are vertical, as in Fig. 71, it is evident from the way 
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that the change has been made, as well as from an examination 
of the distributed strainSy that the only difference in the two 
cases is in the secant of the inclination of the pieces, and hence 
Eq. (120) is applicable to this form. 

If the joints are loaded in any manner, the more general case 
is shown by Fig. 72, in which t denotes tension and o compres- 
Eion. 




If now the right-hand half of the upper joints of Pig. 71 be 
moved to the left, so as to bring e indefinitely near dy we shall 
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have the case shown in Fig. 73, which is shown in a still more 
general way in Fig. 74, in which the numbers are omitted and 
the character of the strains is indicated bj'^ the letters c and t* 




Fig. 73. 



de y 




Fio. 74 

This IS also a triangular truss, and to which Eq. (120) is 
directly applicable. If every joint be loaded, as in Fig. 75, 
then the inclined pieces will be subjected to compression only ; 
but if there be an eccentric load, or in other words mor6 load 
on one side of the centre than on the other, and the inclined 
pieces are arranged and secured so as to resist only compression 
(or tension), the truss may become distorted, as shown in Fig. 
T6. 





Fig. 76. 



Fig. 76. 



This kind of distortion is prevented by the arrangement of 

the jpoTi^ system, which will now be explained. 
8 
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TYPE FORM OF HOWE'S TRUSa 

> 103, — If now we introduce braces in each of the diagonals 
which incline in the opposite direction to those in Fig. 73, to re- 
ceive by compression the strains of tension which, in Fig. 73, fall 
upon the inclined pieces, we shall have the form shown ip 
Fig. 77. 




Fig. 77. 

By this arrangement tie-braces are entirely eliminated, for it 
will be observed that all the inclined pieces are hraceSj being 
subjected to compressive strains only ; and the vertical ones to 
tension only. 

The TYPE FORM of this style of truss is called the vloxtb 

TRUSS. 

TYPE FORM OF PRATT'S TRUSS. 

103.-r-In Fig. 72, if the joints of the left half of the upper 
chord be moved outward so as to make the end brace vertical, 
we shall have the form shown in Fig. 78, which is also a 




triangular truss, and to which Eq. (120) is directly applicable. 

If now we introduce diagonal rods to resist by tension the 
stress of compression, which, in Fig. 78, act upon the tie-braces, 
we shall have the form shown in Fig. 79, in which all the 
inclined pieces are tie^^ and hence the vertical ones are struts ; 
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and hence in ^Aw? case we have no tie^aoes. The ttpb fokm 
of this truss is called a pratt truss. 



PANEL SYSTEM. 

104. — ^The Howe and Pratt trusses come under the more 
general head of the panel system. The panel system consists 
of a system of trussing in which a part of tiie pieces are 
vertical or nearly so ; and of inclined pieces so arranged that 
neither are subjected to opposite strains. As the latter prin- 
ciple applies to cases in which the chords are not parallel, and 
in which the vertical members (so called) are somewhat in- 
clined, the still more general term of quadrangular system is 
sometimes used. 

K panel is one of the rectangular (or quadrangular) spaces 
1 J c 2, Fig. 79, included between two verticals and the chords. 

A diagonal is an inclined piece which crosses a panel 
obliquely. The diagonal in the " Howe Type " is a hra^ / 
and in a " Pratt Type " it is a tie. 

The verticals in the "Howe Type" are ties, and in the 
" Pratt Type " they are stmts or posts. 



105, — MAXIMITin: STRESS ON THB DIAGONALS. — PROPOSI- 
TION. — ^When the vertical members are exactly vertical, the 

STRESS ON THE DIAGONALS IS THE SAME WHETHER THE LOAD BE 
UPON THE UPPER OR LOWER CHORD, OR UPON BOTH. 

In Fig. 80, for instance, if a weight rests at 3, and J 3 is a tie. 
that portion of the weight which is sustained by the support at 
A will be transmitted through the tie h 3. But if J 3 is a brace 
it cannot transmit this stress, but instead thereof it will be first 
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tracBmitted to c, and thence to A through the brace c 2. The 
same reasoning applies if the load is placed at c. Hence, A 
will carry the same amomit whether the load beat 3 or o. 




Fig. 80. 



Or, more generally, we observe that the vertical forces 
between h 2 and c 3 are transmitted from one side of the panel 
to the other through the diagonals, and hence it makes no 
diflFerence where the load is placed, provided the points of 
application are in the same vertical. 

An examination of Fig. 80 shows tliat to produce a maximum 
stress on any diagonal, the truss must be loaded from that 
diagonal to the end towards which the diagonal acts. For 
example, if h 3, Fig. 80, is a brace, the maximum stress on it will 
be induced by a load from 2 to -4 ; but if c 2 is a brace, the 
maximum stress will be induced by a load from 3 to ^. If c 2 
were a tie^ the maximum stress on it would be induced by a 
load extending from 2 to A. 

Let N = the number of bays in the chord ; 

n = the number of the brace or tie considered, counting 
from either end. This will also equal the number of 
bays in the supported chord between the end and the 
brace (or tie) which is being considered, including the 
bay which is in the same panel as the brace (or tie) ; 
it also represents the part which has no live load ; 

p = one of the equal weights of the live load ; 

w, = one of the equal weights of the dead load ; 
= the inclination of a brace (or tie) ; and 
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Fj = the reaction of the support at the end from which n 
is counted. 
Then, if it is so loaded with equal weights at the joints, as to 
produce a maximum strain upon the Tir-th brace (or tie) we have 

•• (iT- 7l) (iV^— 71 + 1) . t /-AT -IN 

r, = ^ ^-^ — 2ir — ^ ^ * ^ ^ ^ 

Subtracting (n — 1) w^ from this, which is all the load between 
the end and the 7i-th diagonal, and we have 

5; = T(iv^- 71) (iT- 7i + 1)^ + (iT- 2 71 + 1) i^^x lai^ 

which, multiplied by the sec 6 gives for 

The maximum stress on the 7i-th hrdce {or tie) of the panel 
system, foi* eqiud weights of live and, of dead loadsy the load 
being either on the upper or lower chords or on hoth : — 

F ^\ (xY- n) (iT- n ■Vl)p'\secJI 
which is the same as Eq. (120). 

100. — DISCUSSION OF Kat^ATION (128). 

1. Let iV^ = 2, and 7i = 1, and Eq. (128) becomes 

^{p + w^ see 6. 

This is the case of the king-post truss, and the preceding 
Equation is substantially the same as the second of Eqs. (68). 

2. Let iV^= 3, the case of the queen-post or trapezoidal 
truss, and we have 

i?; == Ts -71) (4 -7i)i> + (4 - 271) 3 ^..1 -|^ 

in which, if 7i = 1, we have 

F^ =^ {p -{• w^ see 

which is substantially the same as Eq. (96). 
If 7» = 2, we have 
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in which w^ disappears, as it should. This is the case in which 
a weight j> is placed at one of the joints, and the other one is 
unloaded as in Fig. 51, and ij> sec is the stress which would 
fall upon a diagonal CJFl Fig. 49. 

3. If n = 1, we have from (128) 

i5^ =i[(ir-i)(p + |^,j] seed. (129) 

And observing, that for a load uniformly distrib-uted over the 
whole length, each support would sustain i jr(j? -f w^), and it 
appears that the end braces carry less than one-half the total 
load. This is because one-half the load on each of the end bays, 
when the load is uniformly distributed, is carried directly by 
the abutments, and hence the strains due to this part of the 
load are not transmitted through the trussing. This shows a 
distinction between a load uniformly distributed and one com- 
posed of equal weights placed at the joints, and will be noticed 
hereafter. 

4. For equal weights throughout, the term 

i(iV^- 2 71 + l)w,8eo0 (129a) 

gives the strains on all the diagonals ; and ii n = ^ [If + 1), 
(129-a) reduces to zero, which shows that for an odd number of 
bays and uniform load there will be no strain on the braces in 
the central panel. See Fig. 49. 

5. If the weight of the truss be neglected, w^ = 0, and 

gives the stress on the TJrth diagonal. This becomes zero for 
n = iV^orn = ir+ 1; the later value of which being beyond 
the truss, does not belong to the practical part of the prob- 
lem. 

6. For n less than ^ {If + 1) both terms of Eq. (128) are 
positive, and hence when the live load extends over more than 
half the length of the truss, the dead and live loads conspire to 
produce strains. 

7. For n greater than -J (JT -♦- 1), the first term (containing 
p) remains positive, but the second term (containing w) be- 
comes negative ; and hence, whei^ the shorter segment only is 
loaded the live and dead loads act against each other in produc 
ing strains. 
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8. If we place Eq. (128) equal to zero, and solve for n, we find 



P. V V y 



4--^)iP+i.(130) 



which gives the brace on which there is no strain. To make 
the nature of this equation clear, suppose that a live and dead 
load, consisting of equal weights, is placed at every joint of the 
upper or lower chord, in which case the stress on the first brace 
is a maximum for that load. Then remove the weight at one 
end which represents the live load, and we shall have the maxi- 
mum stress on the second brace. Remove the second weight of 
the live load, and we have the maximum stress on the third brace, 
and so on ; the stress on each successive brace being a maximum 
although less than that on the preceding until, after pass- 
ing the middle, we find a brace which has no stress, or which 
has a negative stress. The exact point at which the stress 
changes signs is given by Eq. (130). In other words, if we 
conceive a live load moving off from a bridge, the braces just 
under the rear end of the load will receive their maximum 
stress for that load, and the braces under action will incline 
towards the rear end of the load ; but there will be a point at 
which there will be no stress ; and beyond that point no braces 
which incline towards the load are necessary. This is illustrated 
by Fig. 81. The peculiarity shown in the chords will be 
noticed hereafter. The strains due to the live load after it 
passes No (see next page) will simply relieve the remaining braces 
of a portion of the strain which is due to the permanent load. 




Pig. 81. 



There are two values of n in Eq. (130), one of which exceeds 
i (^ + 1) and is less than N^ and the other value exceeds N^ 
and hence does not belong to the practical part of the prob- 
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lem. That value has only a theoretical significatioiL Call the 
former value ti^. We also find, by assuming values for iTihat 
the value of Uo is generally fractional ; but as n is the number 
of a brace, and as there are no fractional braces, we retain only 
the integral part of Uo. If n^, is an integer, it shows that there 
is no stress on the w-th brace fit is neutral), and hence practically 
we only ueed .lo — 1. 

Let Tio = that value of n in Eq. (130), which is < iT and 

>i(ir+l);and 
' Jf^ = the integral part of n^ ; or if n^ is an integer = 
Uo •— 1; then 
JSTo = the number of braces (or ties) which should in- 
cline one way counting from the end ; and 
Jf — JiTo = the number of panels in which only one 
brace (tie) is needed, as in Fig. 81. 

107, — A coiTNTEB-BBACB is oue which inclines in the 
opposite direction from a main brace. The main braces incline 
from the end. The counter-braces incline from the middle. 
An examination of Fig. 81 shows that the counter-braces 
beyond the middle (counting from either end) incline the same 
way as the main braces between the end and middle ; and the 
analysis in the preceding article shows that the formula which 
is applicable to main braces is also applicable to counter-braces. 
According to this mode of reasoning, a counter-brace possesses 
no peculiarity which is not common to a main-brace, andhence 
the term counter-brace, in an analytical sense, is imnecessary 
but in practice its use is common. Still using the term, we 
have, analytically, 

JiTo — i (i\r 4- 1) = the number of panels, each side of the 
centre, which require counter-diagonals, and hence on both sides 
of the centre including the central one we have 

2 J^ — i\r = the number of panels in each truss in which 

diagonals should incline both ways ; and 
2 (iT — -37^) = the number of panels which require main 

diagonals only; and 
ilT — -37^ = the number of panels near each end wliicb 
do not require counter-diagonals. 
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108. — VAIiUBS OF iT©. 

Table, — YalueB of N^^ or the nv/mber of braces {or ties) which 
shovM incline from either end in the Panel System. 
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diagonals. 
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1 09, — BXAllIPIiES. — 1. In a trofls of the Panel System, let the dear 
•pan be 120 feet, and the depth from centre to centre of chords be 10 feet ; and 
the length of each bay be 10 feet ; total weight of the trass 60 tons ; live load 60 
tons when it extends over the whole length of the trass. Beqnired the mazi 
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mnm stress on the diagonals as the live load moyes off without shook. (Ws 
assume in this that the live load is equivalent to equal weights placed at the 
joints.) 
We havep = Wi = (f J = 6) tons = 10,000 lbs. 

JV = 12 ; 866 6 = sec 45"* = v2 = 1.4143. 
These values in Eq. (128) and n made equal to 1, 2, 3, etc., give : — 

First DUE. Beoond Piff. 

Stress on 1st brace = 155,562 lbs. 

27,106 
Stress on 2d brace - 128,456 lbs. 1,178 

25 928 
Stress on 3d brace = 102,528 lbs. ' 1,178 

24,750 
Stress on 4th brace = 77,778 lbs. 1,178 

23,572 
Stress on 5th brace = 54.206 lbs. 1,178 

22fiU 
Stress on 6th brace. = 31,812 lbs. 1,178 



Stress on 7th brace = 10,596 lbs. 
Stress on 8th brace = (negative) 



21,216 



Hence no is between 7 and 8, and JVo = 7 in this example ; and hence only one 
counter-brace is required according to this series ; and only two in the whole 
truss. 

2. The following are the actual dimension of a bridge truss. Length = 100 
feet, JV = 8 .-. « = 12} feet. 2> ~ 19 feet. ,\ seed =z 1,2. Weight of bridge 

Wi = 60 tons ; uniform live load W^ = 100 tons (net). ,\ p = 12^^ tons, 
and Wi 7i tons. 

There were two trusses, but by computing as if there were but one, we find 
for the maximum stress as follows : — 

On the Ist diagonal, 84 tons ; 2d, 61^ tons ; 8d, 41f tons; 4th, 23^ tons ; 
6th, 6f tons ; and on the 6th it is negative ; hence three panels need no 
counter-diagonals. 

3. The following are the dimensions of a Whipple bridge (see Fig. 89) on 
the Albany and Rutland Railroad near Troy, N. Y. 

Total length 147 feet ; clear span, Z = 145 feet ; JV = 14 , *. i = 10^ feet ; 
D = 21i feet; sec 6 =1 A. Total weight of the bridge 61^ tons, . •. Wi = 4.4 
tons. Assume that the live load is one ton per running foot ; and hence p = 
lOi tons. Required the maximum strains on the ties. (The truss is also 17 
feet wide from out to out ; suspension ties 31 feet. There were two trusses.) 

4. If in a panel truss N = 12, and it is found that for a live and dead load, 
the maximum stress on the 3d diagonal is 21.9 tons ; and on the 4th it is 16.8 
tons ', seed = 1.2 ; required the values of p and Wiy and the total weight of 
the truss. Ans. Wi = 24 tons. 

5. If j?V" = 10 and p z= 12 tons, and it is found that the stx'ain on the 7th 
brace is zero when the live load is on the three end joints ; required 10 1 or the 
weight of the bridge. 

6. I have used for illustration a model bridge of 12 panels which weighed 
18 lbs., and I found that the maximum stress on the fourth brace for 
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equal weights on 8 end joints was 21 lbs. ; seed =zl,^ Beqniied the yaine 
of one of the equal weights, p. 

7. Suppose that a panel truss is so loaded with equal weights as to prodnos 
maximum strains on the following diagonals :— on the second diagonal, 5,448 
lbs. ; on the fourth, 4,208 lbs. ; and on the tenth, 680 lbs. If ««<; = 1.6, 
required the number of panels in the truss ; the weight of the bridge, and 
the weight of the live load. 

8. Two trusses each weigh 10 tons, TFa = 20 tons on each ; one has 10 
panels, the other 20 panels ; the total lengfth and seo the same in both. 
Required the stress on the fifth brace of the former and tenth of the latter ; 
and show why they are not the same. 

110. — GENKRAIi VAIiUB OF TKB SECOND DIFFERBNOES. 

— ^In Eq. (128) make ti = 1, and we have 

for » = 2, we have 

2^ p+HJ>^- 3) tc. Iseo0 

For » = 3, we have 

2^ p+H^- 5) w. iseod 

The difference between the second and first of these values ii 



[2ir-2 ^ 1 a 
—2'N^^ + W.J sec 



Between the second and third, it is 



[2ir-4 ^ ~\ a 



These ar^ the first two terms of the first differences. The 
difference between these is 

^sec 

If 

which is the constant value of the second differences. 
Li the first example above, this becomes 
5 X 2,000 X 1.4142 



12 



lbs., = l,178i lbs. 



I 
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I 

The first term of the first difference, as given above, is 

Y(l -^I> + wAsee0=r^x 10,000 + 10,0001 

1.414:2 = 27,106 lbs. The successive terms in the column of 
first differences may be found by the successive subtractions of 
the second differences = 1,178 lbs. (omitting the i lb.). 

The stress on the first brace is i {N — 1) (i? 4- ^-^i) sec = 
i X 11 X 10 X 2,000 X 1.4142 = 155,562, and by subtract- 
ing, successively, the successive first differences, the actual strains 
may be found. 

111^ — STRESS ON ANT BIACiONAIi. ReQUIBED THE STRESS 

ON THE aJ-TH DIAGONAL WHEN THE TBU8S IS SO LOADED WITH LIVE 
AND DEAD LOADS AS TO PEODUCE A MAXIMUM ON THE TlrTB 
DIAGONAL. 

Let iT = the total number of bays in the supported chord ; 
j> = one of the equal weights of the live load ; 
to, = one of the equal weights of the dead load ; 
6 — the inclination of a diagonal ; 
n = the number of a diagonal which receives the maxi- 
mum stress ; and 
X = the number of the diagonal which is considered. 
There are two cases : — 

1st, for a? < 71, and 
2d, for X > n. 

1st, For a? < n. we find the stress, by deducting from the 
value of y,, which is given just before Eq. (128), all the load 
between the end and the aj-th brace, which is (aj— 1) w^ and mul- 
tiplying the remainder by sec 0, 

...^.= [(^-»)(ir-,.i)^.(..-.«.i)ir„,] 
^ m 

2d, For a? > 71 we use the same principle, but the load to bo 
deducted will be (x — 1) w^ -f (x ^ n)jp; hence we have 

F, = [(C^^- n) {IT- n + 1) - 2 N{x - n))p -h (Jf -^ 
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2» + l)IfwVfJ. .....(132) 

These equations may be discussed in the same way as Eq. 
(128), but they are not of much practical value, since the parta 
should always be proportioned to resist the maximum stresp. 

Example. — If a bridge has 10 bajs, and the permanent load on each joint 
iBWi =1 ton, and the transient load p = l ton, required the stress on all the 
braces when the third receives the maximum stress. 

lis. — uNiFORMiiT DISTRIBUTED LOAD. — A load Uni- 
formly distributed over a portion of the span, as in Fig. 82, is 
not the same as if equal weights were placed upon the. truss 




w/y/y f////7/r////i^ ^///m///?. ////rr///um u/////////r/. • rr/irnrrn, • 



m 



from c io JB, We are considering the joints a^ perfectly 
flexible ; hence the joint c carries one-half of the load on c d, 
but only a fractional part of that ona c; and the other part on 
a CIS carried by a. If the load extends from a to By then the 
load on c is one-half that on a o and c d, and that on a is one- 
half that on a g. Hence, it appears that it is impossible to 
produce equal weights at the joints for a uniform load, except 
when the load extends over the whole length of the truss. Let 
us therefore ascertain how far the load must extend to produce 
a maximum stress on the 7i-th diagonal, which, in Fig. 82, is the 
diagonal a e. 
Let JT, Thy andjp, be the same as before ; 

w = the load per foot of length ; 

X z=z h c .\w X ^= the load on J c ; and 

I = ac. 

.*. the joint a sustaina directly \ -y-, and e sustainB 
directly !^(^. 
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It IB evident that the maximum stress on ae is the difference 
of the stresses <>ii ae andyb due to the uniform load. The stress 
onyb— or that which tends to produce a stress on^b — ^is that due 
to the stress on a, and that on ae that due to the load on c, and 
also on all the joints between c and JS ; but as the latter is con- 
stant, we have occasion now to consider only the load mx on ac. 

Of the load on a, B sustains — j^ x i -r-, and of the load 

on <?, A sustams — ^^ x tox - — % — -' 

Hence, the stress on ae due to both is the difference of these 
multiplied by sec 0. or 

V(n - 1)0^ - {If-- n){2l - x)x'l^^, 

which is to be a maximum. 

/. 2 (71 ~ 1) a? - 2 (iT- 7i) (? - a?) = 

and the whole length of the load is bJS = « + (iT — n)l rs 

The fraction -=j= is constant, and its value is equal to the 

span divided into one less number of divisions than there are 
bays in the chord. Hence, to produce a maximum stress for an 
uniform load, conceive that the span is divided into one less 
number of spaces than there are bays, and that for the succes- 
sive braces the maximum stress is produced when the uniform 
load extends from the division under the brace to the end 
towards which it inclines. The maximum thus produced, 
including the dead and live loads, is 

^ — 2ir' — "^^ + * ^Z X — ^-- 

^-=1 ■TW(^=:rO^--2r-(irri)^ 



see 
(133) 
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which 18 less than that produced by equal weights placed at the 
joints ; and hence the formulas previously developed are on the 
safe Bide. 



113« — STRESS ON TKB Ts»Ti€Ai<s. — Accordiug to prin- 
ciple c, article 71, if the load is on the supported chord the 
stress on the n-th vertical is the same as the vertical component 
of stress on the rirth. diagonal. The same may be seen by 
examining Fig. 80. It must be observed, however, that unne- 
cessary members are not included in the count. In the case of 
the Howe type^ the outline of the truss is trapezoidal in form, 
as in Fig. 77, although practically it is usually made rectan* 
gular, somewhat like Fig. 79. In the Pratt type^ the truss 
is usually rectangular, as in Fig. 79, but if it is supported at the 
upper choi^d, it may be trapezoidal, like Fig. 77, inverted. 
In either or any of these cases, principle e of article 71 is appli- 
cable. Hence if the load is upon the supported chord we have 
only to make sec 6 = Im Eq. (128) for the maximum stresb 
'^n the nAh vertical. Hence 

The 7naximum stress on the n-^ vertices of the panel system 
for eqtcal weights placed on the svpported chord is 

\{N- n) (iT- n+l)p + (iT- 2n + 1) i^^^ 1 i^. . . . (134) 

in which n must not exceed i N. 

If the load be upon the upper chord. Fig. 80, the maximum 

stress on the verticals may be found by subtracting ^ 4- to, 

from the preceding expression. Or we may observe that the 

. stress on the nth vertical is the same as the vertical component 

of the stress on the {n + 1)*^ diagonal brace. 

Hence in the ^^ Howe type^^ with equal weights on ths 
unsupported chords the maximum stress on the (n — 1)*^ ver^ 
tical is given by Equation (134), by substituting the proper 
value for n. Thus, for the 5th vertical make n = Q. 

If the load be upon the upper chord, in Fig. 79, the stress on 
the 7i-th vertical is the same as the vertical component of the 
stress on the (n — 1)*^ diagonal tie. Hence, in this case Eq. 
(134) gives the stre«» on the {n + If" vertical. 
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KoTE 1. — This reuaning appears direct, simple, and coirect, but it is not 
difficult to raise doubts as to its accuracy in the minds of some. * Tbua, in 
Fig. 80, if the joints from 2 to ^ are loaded,^ the stress on Aa^ al, 1^, and ^2, 
has been found to be Fi «^ ; and the yalue of Vi is the sum of all the com- 
ponents of the several weights which are sustained at A, For instance, ^ p^ 
is supported at A. But the whole of p^ is transmitted through 2d to b. Should 

we not therefore add to the value found by £q. (184) ||>s or generally -i^P^ ^ 

n 

say that it would be incorrect to add — =^p. The formula is correct without 

it, for it may be shown that the formula recognizes the fact that all of pa is 
tcansmitted through ^2. I observe, 1st, that if Pi were the only load, then it 
would be necessary to add f p^ see B to the reaction Vi see 0' or to i p^ see 0; 
but in this case ^3 would be strained as well as 61. The coefficient due to p^ on 
dS is 2. I observe. 2d, that Pi produces a stress on c2 of 2 ; and hence the result- 
ant stress on 63 and c2 is zero ; and so far as these two weights are concerned 
they might be removed. The resultant stress on the vertical is||> + §p= Ip 
= Pj which is the value of p^ when je) = jOa = Pi. So that the formula leads 
to the correct result. The addition of the weights p^ and p^ does not affect 
the stress just found ; but these additions add to the stress on b2 and c2. 

We state then, generally, that the vertical component of the main brace 
gives the stress on one or the other of the adjacent verticals for any distribution 
of the load except when the counter-brace in the next panel is strained; in which 
case the vertical component of the stress on the counter-brace must be added to the 
former. 

It is evident that both the main and counter in the same panel cannot be 
strained at the same time by the action of a load. 

The reasoning here given may be made more evident by using Fig. 49. If 
we there add ^ to the result given by the formula for the stress on ECy we 
shall have fp, for the p at (7, +^5, for the p&tD (which together make|7, which 
is the amount carried at ^), -hip &t C for the amount carried at B; making 
ip to be carried by BO. But it is evident that EC and FD both carry only 
2p and hence each carries p. This shows the absurdity of adding the fractional 
part of p which is carried by the opposite support when the counter diagonal 
is not strained. 

Note 2. — The student may think that in practical cases confusion may 
arise in distinguishing between the Pratt and Howe types, and the position of 
the loading whether it be upon the supported or unsupported chords. But 
computations in such cases are made deliberately, and suitable checks are put 
upon the work ; and if there be any doubt in regard to the proper formula, it 
is better to consider the effect of each weight separately upon each piece of 
the truss, and tabulate the results, as on page 110. In the case of bridges 
— especially rail-road bridges — tie load is rarely composed of eqtiai weights 
at the joints ; for the locomotive is often two or three times as heavy as the 
same length of any portion of the remainder of the train, in which case the 
formulas previously given are not applicable. They may be used by applying 

* Bee Trautwinifs Eng, Pocket-Book^ p. S75, Indoding foot-note. ALm Am, B. B, l%mM. 
April 17. 1809. 
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(hem to all that portion of the load which is uniform, and then adding the 
fiffect of the extra load or loads which are applied at the joint or joints. 

NoTB 3. — As a check npon the work the problem may be solved geometri- 
cally and the results determined by a scale. There are seyeral ways of doing 
this. One is by the method used in Fig 60. Another is by the method of 
diagrams as deyelox>ed by Bankine and Clerk Maxwell, and which is illustrated 
in Figs. 40 and 41. The latter method when well understood is easily applied 
and gives satisfactory results. Geometrical methods are exceedingly valuable 
for securing general results, and checking analytical work. They are more 
reliable for general results thail analytical methods, for large errors are less 
likely to happen ; but they are not as precise, for they do not give the nearest 
fraction as certainly as numerical computations do. 

114, — STRBS8 UPON TKB csioRBS. — The maximum streea 
upon all parts of the chords, for equal weights at the joints, 
exists when all the joints are loaded. Bemembering that for 
statical equilibrium the algebraic sum of the moments of all 
the external forces wiU be zero, and we readily find the reac- 
tion Tj of the support, Fig. 80, by taking the moments of all 
the weights and the reaction, about the point g. To find the 
internal stress, we may conceive that one of the chords is severed ; 
as, for instance, the bay 3 — 4, Fig. 80, and suppose that an exter 
nal force is substituted for the stress. Then take the origin of 
moments at the point about which the system would turn if the 
atress-force were removed.* Thus, if the bay 3 — 4 be severed, 
the system will evidently tend to turn about c. It will generally 
tend to turn about that joint which is nearer the centre, for a 
uniform load. In this case if dZ were in action, instead of <A^ 
it would tend to turn about d. 

Let t^ = the stress on the u-th bay of the lower chord (as 
3-4, Fig. 80) ; 
c^ = the stress on the u-ih bay of the upper chord (as 

cd)\ 
D = the depth of the truss ; 
and the other notation as previously used. 

For stress on the lower chordy we have the following equa 
tion of moments : 

V^nl — ^j (ti — 1) Z — ^, (^ — 2) i! — etc., to n terms. . . 

=:tnl> (135) 

* It is not necessary to take the origin of moments at this point, but by bo 
doing the solution is simplified, because it elinunates some of the momenli 
whicdi might otherwise appear. 

9 
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« 

and ifp^ = j?, = j?, = etc., we have 

F, = i(if-l)i>,and 

i (iT- 1) w Zj? - i 71 (71 - l)pl = /,,i>, 
and if the weight of the truss be included, as it should bO; 
we finally have, by reduction, after substituting (j? + w^ iorp, 

U = {]S--n)n{p + w,)l^ (136) 

in which n must not exceed -J -flTfor iTeven, or -J (iT + 1) for 
jy odd. (If, however, the two central bays 2-3 and 3-4 be 
considered as one, the formula will give the ^stress on the bays 
from 71 = 1 to 71 = {If — 1.) 

Stress on the upper chord. — If we call ah (Fig. 80) the first 
bay of the upper chord, ho the second, and so on, and calling he 
the Tir-th, and taking the origin of moments at 2, we find the 
same result as in the preceding equation. 

It is well to observe that instead of dealing with the series 
given above for the weights p^^ p^^ etc., we may find the total 
value of their moment by multiplying their sum by the distance 
of their centre of action from the origin of moments. 

An analysis of the Pratt System, Fig. 79, gives exactly 
the same formula, if in the lower chord we neglect -4 1 in 
the count for the number of the bay. Thus, 1-2 would be 
called the first bay. 

It makes no difference in any of these cases whether the load 
be upon the upper or lower chord. 

Hence, in the panel system for a uniform load throughout, 
the stress on the chords varies as the product of the segments 
into which the span is divided by the joint about which the 
frame would turn if the bay were severed. Fig. 81 is an illus- 
tration of this law. 

If 7i = -J i\r we have for the stress at the middle of the span 

*-5^ (137) 

1 15. — ^ExAMFLEBu— 1. Let |) = «i = 5 tons (net), JV= 13, » = 46® .-. 
1 = 2). Beqnired the stress on each baj of the lower choid, Howe l^ype. 
From Bq. (136) we readily find :— 

ty = 65 tons; U = 100 ; U = 136 • U = 160; U = 175 ; «, = 180 
First diff. 45 36 36 16 6 

Befonddiff. 10 10 10 10 
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2. B^nlred the depth bo that the streas at the middle shall eqiial one-half 
the total load. Use Equation (187). 

3. Required the depth 80 that the stress at the middle shall equal ol 

' n-th 

the total load. 

4. If 2 = i>, and p = tOi] and for a uniform load the stress on the second 
bay is 32 tons ; and on the fourth bay it is 48 tons. Required the number of 
bays and the value of the uniform load. 

5. For uniform live and dead loads, the stress on the first bay is 22^ tooB; 
on the second, 42 tons ; on the fourth, 72 tons ; on the sixth, 90 tons ; on the 
aighth, ^6 tons. Required the total number of bays, the weight of the Uyeand 
'lead loads, the depth of the truss, and the length of one bay. 

An& If=zlQjp = 2 tons, «>i = 1 ton, and < = D. 

116. — I^OAD CONCENTRATKD AT ONB JOINT. — If a load 

JP is concentrated at one joint ; as, for instance, at the end of 
the Tir-th bay, and the weight of the truss be also considered ; 
we have, if we count n from the end at which F, is used : 

and the shearing stress on the ohtii diagonal is 

and hence the stress on the aj-th diagonal, for x <:n 

^x = fi {J!f- 2x+l)w, +^^^p] seo0.{l88) 

and for aj > n it is 

i^ = r i (iT- 2 flj + 1) t^. - J-i^ I sec0 . . ..(139) 

These Equations may be discussed in the same way as Equa- 
tion (128), but there is not much advantage in doing so, 
since we rarely have to deal with the effect of a single weight. 
Bridges, in practical cases, are loaded at several points at the 
same time, and it is always on the safe side to assume that they 
are loaded throughout. Still there are cases, especially in long 
spans, in which we may err unnecessarily on the safe side by 
assuming a load equal, for instance, to a train of locomotives. 
It may be advisable to consider a train as a uniform load equal 
to that of a train of loaded freight cars, and then add the excess 
ol the weight of the locomotive over that of the freight cars 
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This being the case, we should have a nniform dead load, a 
partial rmiform live load, and a concentrated load, in which 
case the maximum stress on the n-th diagonal would be 



[ 



{N - x){N' - X +1) p + (Jf - 2 « + 1) iT M>, 

+ 2(ir-n) PVY^ (1^0) 

But it may be better in such cases as that just considered to 
solve the problem numerically, for each position of the load, 
instead of relying upon a formula and using the formula as a 
check upon the work. 

EXAMPLES. — 1. A bridge 36 feet long; each bay 3 feet; depth 4 feet, 
weight 1800 lb& A weight of 200 Ib& is placed on the 9th vertical tifiL 
Reqtiired the strain on each of the braces. 

Here iV'= 12; sec » = 125 ; w, = 150 lbs. ; P = 200; 

71 c= 9, which substituted in Eq. (138) gives : — Strain on 1st brace, 
1098f lbs. ; 2d, 906i lbs ; 3d, 718f lbs. ; 4th, 531i lbs. ; 6th, 343i lbs. ; 6th, 
156^ lbs. ; 7th, —31^ Iba ; hence it is +31^ Iba on the brace inclined the 
other way from the preceding. As there are six main braces, it appears that 
for this case no counter-braces are necessary. 8th, — 218f lbs. ; 9th, —406^. 
For the main braces beyond the 9th, use Eq. (139), or we may use Eq. (138) by 
counting from the other end, in which case n = 3, and a; = 1, 2, 3. In either 
case we find strain on 10th, 8431 lbs. ; 11th, 1031i lbs. ; 12th, 1218f lbs. It 
will be seen that this series has the common difference 187^, and the difference 
of the stresses on braces equi-distant from the ends is 125 lbs. 

2. If JV= 10 ;w = %\ P =% Wi\ where is the vertical force zero ? 

Ans. Uo = 7.1. 

3. If JV = 10 ; P = 8 Wi, where must P be applied so that the vertical 
force at that point shall be zero? Ans. n = 7^. 

4. If iV^ = 8, required the greatest concentrated load which is allowable 
when there are no counter-braces. Here n = 6 ; JV" = 8. .'. P = IJ- Wi. 

Suppose there is one counter-brace ; then n — Q^ and we find P = Q Wi, 
In a fiimilar way we may proceed when there are two or more concentrated 
loads. We would find that for two concentrated loads each equal P, placed 
equi-distant from the ends, that the strain on the braces between the loada 
would be due to the weight of the bridge only. 

117. — STRESS ON THE CHORDS FOR AN I7NEC|UAIiLY DIS- 
TRIBUTED liOAD. — When the load is unequally distributed the 
maximum stress may not be at the middle of the span, but the 
actual stress on any bay ma^' be found by means of Equatior 
(135). 
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118.— raiTi<TiPi.B 9Y8TBn. — ^If in the simple syBtem, f or 
a given depth of truss and inclination of diagonals the bays 
would be too long, they may be reduced in length by causing 
the diagonals to cross one or two verticals, as in Figs. 89 and 92. 
Such cases may be analyzed, approximately, as in article. 97, or 
more exactly by supposing that the truss is divided into two or 
more simple trusses, las in article 99. 



MINIMUM AMOUNT OF MATERIAL. 

It is hardly possible, by a direct solution, to find all the con- 
ditions for a minimum amount of material in a truss which is 
composed of many parts, and aU of whose parts ^e correctly 
proportioned to resist the stresses to which they are subjected. 
The reason of this will appear hereafter. We may, however, 
sol^e some of the more simple cases, and from them derive 
some important hints. 

119. — FROBI-BJ!!.— GIVEN THB SPAN AND DEFfH OF A 
PANEL TRUSS, ri IS SBQUIBED TO FIND THB INCLINATION OF THB 
DIAGONALS SO AS TO SECUBE A MINIMIJM AMOUNT OF MATEBIAL 
IN THE DIAGONALS, THE VERTICALS AND CHORDS BEING OF IJNIi- 
FORM SIZE THROUGHOUT, AND THE LOAD BEING UNIFORM 
THROUGHOUT THE WHOLE LENGTH. 

in the Pratt Truss the diagonals are ties, and hence th^ir 
sections should be directly proportional to the stress to which 
they are subjected ; but in the Howe Truss, the diagonals being 
braces, their section, if they are long compared with their 
diameter, will be a function of their length as well as of the 
stress: see article 21. This fact complicates the problem. 
JFbr the sake of simplicity m this problem^ we will therefore 
assume that the section of the diagonals is directly proportiainal 
to the stress. 

Kef erring, therefore, to Fig. 77 or Fig. 79, we 

let Z = AB = the span ; 

D = the depth of the truss ; 
-ZT = the number of bays ; 
I = L -^ IT ^=z the lengtji of a bay; 
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W^ = the weight of the frame ; 

f£?, = TT, -r iT = the weight at one joint of the Jead 

load; 
TFi = the weight of the live load; 
y = TF, -^ iT = the weight on one bay of the live 

load; 
Tr= W, + Tr, = the total load; 

(7 = a 1 S = the inclination of the diagonal to the 

vertical ; 
h = the transverse section of a diagonal ; and, 
T = the modulus of strain, that is, the strain per unit 

of transverse section ; 

W 

Then J? H- «7, = (1 + ^)-7^; 

tcung Ntang 
The length of a brace =^ D 8eo0 ^ -^ g 

The stress on the Tirth brace is, see Eq. (129a). 

i (iT- 2n + l)(p + w,) sec0 = Tk 

A * = fir- 2 n + l)i£J-^'^ (141) 

Making n = 1, 2, 3, etc., to i JT (observing that for n sn J 
(jBT + 1) the expression becomes zero, and we have 

_ 1 (J> ^ «>. ) leo 

Summing this series gives 

x^=Zl(£ + ^lif£A (142) 

o jL 

which, multiplied by the length of a brace, gives for the 
whimey of half the diagonals m all the trusses^ 

N{j>^ Vw,)L 1^ ..-3. 

IT oos0Bm0 ^ ^ 
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virhich IB a minimam for = 45°. Henoe the minimiuQ 
amount of material iu the diagonals for both truBBea is 

2"-^' 2"7 "^ * ^"^ • • 'v-*^**^ 

which, compared with Eq. (2) article 88, shows that the material 
iu the diasfonals is the same as that in the rafters of a kin^^-poet 
ixussha^ig the same span and same inclination. Obser^Sat 
P Eq. (J) above referred to equals i TT m Eq. (144), and T ^ C. 

Note. — This resalt may at finat appear to be inooneet, smoe the laffcezs ol 
the king-post are of imiforni suse, while in the panel ^stem the diagonals 
diminish in size from the ends toward the centre. But it should be observed 
that in the king-post both rafters cany only one-half the total uniform load ; 
whUe the end diagonals of the panel ^stem carry nearly the total uniform ; 
or exactly (JV — 1) (p + k^i). One-half the load in both cases on the end bays 
4s carried directly by the snpp<Hi» ; but in the king-post this distance is one- 
half the span, while in the latter it may be only a smaU fraction of the span. 

We may now carry the solution further. If the verticals are 
of uniform size, they must be of the size as the first one. 
Hence, in Eq. (141) make Beo. d = 1 and n = 1 and we find 
for the section of each of the verticals 

Hence, their volume = i (iT - 1)* 2> •2+3. = ^ (jy ~ 1) 

N T 

which expression diminishes as iT diminishes ; hence the deeper 
the truss the less the amount of material will be required for 
the diagonalB aiid verticals. The king-post with rafters in- 
clined at an angle of 45^ requires least. 
The section of the chords will be, see Eq. (137) 

81) T'^ %D T^ 8 X' ' 

from which we see that K varies directly as Ifj and hence ii 
least when If is least, or equal to 2. In this case the upper 
chord disappears. Hence, considering all the parts of the 
truss, the king-post with rafters inclined 45 degrees requires leM 
materia] than the panel system. 
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\ MOTHL — ^It does not follow from this thafc the king-poet ahoold in all oases be 
■abstitated for the panel Bj^rstem ; for in most cases it would be quite imprao- 
tioable to do so, on acoonnt of the great depth which would result. For 
instance, in a 100-foot apan the depth would be 50 feet! 

ISO.— A SEGON]» PROBI^BM OF mMTfimVlB MATKRIAI*. — 

VTSXT SUPPOSE THAT THB DIAGONALS AND YEBTIOALS ABE BOTH 
PBOPOBTIONED FOB THE STBAINS DUE TO A UNIFOBBi LOAD, AS- 
BtTMINa, AS BEFOBB, THAT THE SECTIONS OF THB FIEOBS ABB 
PBOFOBnONAL TO THB STBBSSBS. 

The stress on a vertical is (Eq. (141)), 

i(ir-2n + l)0>4-t^^O 
hence its volume is 4 (iT - 2 n + l)S^+^^. 

Making n = 1, 2, 3, etc., to ^ ^ and summing the series^ 
and we find that the volume of all the verticals is 

8 T 'tang 

^hich added to Eq. (143) gives for the total volume of all the 
diagonals and verticals 

JfTjp + w,) L / 1 . 1 \ ,. .5x 

8 T \dn cos 0^ i^^J ^ ^ 

which is a minimum for = 54° 45^ 

Note. — ^In pzactioethe diagonals in wooden trasses axe genezally indined 
less than 45 degrees from the vertical. 

131« — 6bnerai< probi^bih of anniiieuis matbrial. — 

Let there be a permanent dead load and a moving livb 

load; it is required to find the CONDmONS FOR A MINIMUM 
AMOUNT OF MATERIAL IN THE DIAGONALS, VERTI0AL8, AND OHORDS, 
rHE TRANSVERSE SECTION OF ALL THESE PARTS BEING PROPOB- 
nONED DIREOTLY AS THE STRESSES TO WHICH THE7 ABB SUB- 
JECTED.* 

Yolvme of the diagonala* 

We find the section of the n-th diagonal by means of Eq. 

(128) to be 

* This solution was giren by William Bonton, dass of 1865, Unit. ofMkk, 
Bee Jour, Vraik, Inst.^ YoL L., 8d series, p. 76. 
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which, multiplied by the length (Z -5- JT) -4- sin gives for 
the volume of the Tirth diagonal 

Voln = ["(iT- n) (iT- n+l)i> + (JT- 2n + l)ir«;, | 

(1*6) 



2 iTT am 6 cos 



The number of diagonals which incline either way is il?^ 
see article 106 ; hence to find the volume of one-half the diago- 
nals, make n = 1, 2, 3, etc., to -8^ in Eq. (146), and take the sum 
t)f the results. Two series will thus be formed, one the coef- 
ficients of p ; the other of w^. The sum of the series may 
readily Be found by the method of differences. The sum wil. 
be 

^ , n'(/i'-l), n'(n'-l)(/i'-.2) , , ^ ,^^^ 
8 — n'a + —^2 ^ d, + — ^^ ^ ^ d^ + etc...(U7) 

in which S = the sum ; 

a = the first term of the series ; 

d^^ d^ etc., = the first term of the successive orders of 

differences ; and 
W = the number of terms in the series = -2^ 

First consider the coeflScient of p. 

Making ti = 1, 2, etc., in Eq. (146), and we have, 

the series, N {JST ^ 1), (iT- 1) {N - 2), (iT- 2) (iT- 8), 
(i\r - 3) (iT- 4), etc 

IstDif. -2ir+2 -2ir+4 -2jr+6 

2d Dif . +2 +2 +2 

SdDif. 

Hence, n' = iV;, a = iT (iT- 1), (?, = 2 (- ir+ 1) and 
•/. = 2. 

.-. 8 = [jy; ir(ir^ ir^) +4iv; (^r/- 1)]. 

Second, the ooefiScient of w^. 
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This becomes negative when we pass the centre, and cai^ 
negative term will cancel an equal positive one ; hence we need 
sum only iT — JV^ terms. 
The series is ir(ir- 1), iir(ir~ 8), JT (iT- 6), JT^JT- 7) 

istDif. -2ir -2ir -2ir 

2d Dif . 

Adding these results and multiplying by the common factor 

the volume of half the braoea = 

^ (148) 



TFyr am e C08 d ' 

Volwne of the Vertieaia. 
The stress is, \{l!r - «) (^ -»+ l)i> + {ST- 2 n +1) 

Nv). 



J2i 



The length is, i? = -^^ 

. •. YoVmae of Wrth vertical = I (i\^ — n) (iT— n + l)j> + 



[< 



(i»^-2»+l)ir«,.],-^^^-^.... (149) 

Summing the series as before from n = 1 to n =:i {N — 1) 
(for N qdd)^ and we have for the volume of half the verticals. 

i N'T tang e ^^^^^ 

If iT is even, we sum the series from n = lton=iJ7J and 
ieduct one-half the volume of the middle vertical, the value of 
which may bo found from Eq. (14:9). This done and we find 
for half iJie volume of the verticals when Ni% even 
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[ii«^(p + «0 + A2ir[ir(ir- 3) - lo]^, ^2^.-^^151) 

Yolwme of the Chorda, 

The stress on the nrth bay of the upper or lower chords is 
\{N-n)n{p + w,) tang (152) 

The limits of n are from n = l tofi = iirfor the lower 
chord, and from n = 1 to n = ^ {N — 2) for the npper chord 
when N is even; and when iTis odd the limits for both chords* 
are n == 1 to n r= ^ {N — 1) by omitting half the central bay in 
the lower chord and including it in the upper, as we may do 
since the stress is the same in botL In either case, the sum of 
the series found by making n =: 1, 2, 3, etc., in (152) multi- 
plied by / = -^ and otherwise reduced is 

^]!f{N-l)(j?+v>:)j^ta^e (158) 

Ilence, the total volume of half the truss is the sum of (148)| 
(150) or (151), as iT is odd or even, and (153), or 

1 



j ffor ilTodd) )i^ iir (JV« - 1) (p + wi) + l-«(ir- 1) (3^ (iir-l)«- 1) p » _J_ 
■*" I (for iir «TOn) }<N*{p-\- wi) + 1-84 Jf [N{N - 8)- 10] p \tano$ 

which is to be a minimum. 



tm^T 



(164) 



M' 



[NN^iN-jr.) (p + !©,)+>< IT. (if^ - l)p] {tanf^ # -1) 

J (for iirodci))i^ i<r(i^r« - 1) (p+wi) + i.e(iir- 1) (li(^' -i)> - i)p» 

•■1(foriVeven))i^JV«(p + iri) + l-84 3r[jr(^-8) -10]p f 

H- 1-6 JI^(J?«- 1) (p +w,) tang • # 



sO....(lflB) 



from which tang 6 may be directly found. 

Example. — ^Let p == v)i and iT = 10. Then, aooording to the taUe in 
article 108, N. = 6. These values in Eq. (165) give tangle = 0.27916.*. B = 

We shall alao have I = 0.528 2> and X = 10 7 = 5.38 D r. L •%- D 9 
1.98. In this waj the following table is f onnad. 
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TABLE 

Showmg theindmation of the diagonala and the ratio of the 
length to the depth in the Panel System for a Minimum 
Amount of Material^ the load being on the lower chord. 
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80«18' 


2,448 


89* as' 


2,481 


89*49' 


2,490 


89* B4' 


8,608 


4. 


87«04' 


8,030 


87«08' 


8,080 


87«»01' 


8,016 


87*21' 


8,069 


ft. 


84«11' 


8,896 


84O60' 


8,480 


^•W 


8,606 


86*88' 


8,68ft 


0. 


88«85' 


8,884 


88»43' 


8,662 


88«18' 


8,980 


88*49' 


4,020 


7. 


80»48' 


4.168 


81«28' 


4,284 


81«40' 


4,819 


82*18' 


4,410 


8. 


2tf»28' 


4,520 


80»04' 


4,682 


80«»12' 


4,666 


81*06' 


4,824 


9. 


28«06' 


4,806 


88«»6r 


4,969 


29«»10' 


6,029 


29*69' 


6,198 


10. 


27»10' 


6,180 


a7»60' 


6,280 


28*06' 


6,840 


28*64' 


6,620 


IS. 


26»16' 


5,664 


25*24' 


6,700 


26»17' 


6,928 


27*07' 


6,144 


1ft. 


23O06' 


6.890 


33«61' 


6,680 


24«08' 


6,720 


24*69' 


6,890 


90. 


20»80' 


7,480 


21° 12* 


7,760 


21*80' 


7,880 


22*18' 


8,900 


80. 


17° 07' 


9,240 


170 88' 


9,540 


18*08' 


9,780 


18*60' 


10,280 


40. 


is^ie' 


10,920 


15»89' 


11,200 


16* 61' 


11,660 


16*86' 


11,990 


60. 


13«33' 


12,060 


14»26' 


12,460 


14*26' 


12,860 


14*25' 


12,960 



133. — niNiREuis jHATBRiAii IN A POST AND TTw^foT Car- 
rying a given weighty when the distance between thei/r lower 
mde is constant^ and the dista/nce from, the vertex to the lower 
chord is given. 
In the transmission of strains we have seen that the vertical 

component of stress is constant between 
two loaded ioints. Let ahc be one of 
the triangles of a truss, ah the bay, ho 
the^tie^and ac the post, and no load 
at^. 
Let Z = «J = the length of a bay ; 
l^z=i ac =z the length of the post ; 
Dz=z cd :=^ the depth of the truss; 
P = the vertical stress at b which 
is to be transmitted to a, and so on, to the support ; 
X ^ ad\ y •=^ db^ and 

8 =the weight of a unit of volume of the tie. 
The post OjC is supposed to be so long that it is in danger of 
bending. Suppose that the ends are rounded and -that it is 
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made of solid cast iron. Then, according to article 25, its weight 
will be 

0.023926469 (P' Z,'.-/**^ = c (P' //•-•) ^'^ 
in which P' is the pressure in the direction of the length of the 

poet, and equals P ««J. acd = P ^ ando is the constant 

coefficient. The length of the post will be I, = y/WT^F}. Z/-" 

ss {ly -f (B*) Hence, the weight will be 

4 IT- ) 

Thestresson <^ will be P«e0.<2bi; its section, f= =i — ; 

its volume = -^ x D sec. d<A ; and its weight »■ 

S PD sec* dS_ SP(D ^ + 2^ _ BP{p' + { I - g)*) „ 

the total weight of both pieces will be 

. (^i^ +^f *" ^l£l^(t:m (i5«) 

which is to be a minimum. It may be put under the form 



\T.I)^'^,H . u ^ n^'^ . / I 



i£' (1 + tansTO) ' +f-L^tang0y + 1 .. 



(157) 



X 



in which tang 6 = -=^. 

DifFerentiating Eq. (156) and placing it equal to zero, and it 
gives 

9ft fP^^fj^A. .^^ ^2SP 2SPZ 

This cannot be solved in finite terms. We may, however, foi 
known values of the constants find the value of a; to any degree 
of appi'oximation. We may also deduce from it some genera] 
facts. 
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The tangent of the inclination of the poet is -jr = tang $ 



or 



/» ^T* JT) 1»8 B Too 

j.||?l£±l_^(l+^ewi^^ ton5r^ + 2Si>;ton^^ = 28^(l58) 
pt.'ff 

It appears from this : — 

1st, That the inclination of the post for minimum material (and 
hence of the tie), is dependent upon tlie stress to be transmitted, 
the depth of the truss, the modulus of tenacity of the tie, the 
length of the bay, and the weight of a unit of the material, 
unless the weight per unit of the post and tie are the same. If 
they are the same, S may be cancelled. As the formula now 
stands, S in the tirst term is included in the coefficient c. 

2d, Ko rimple relation exists between the inclination and 
the other known quantities for minimum material. 

8d, We know in practice that the weight of the post is much 
greater than that of the tie ; hence we find, approximately^ the 
proper inclination by neglecting all but the first term. This 
done and we have tcmg ^ = 0, and tan^ ^ = — 1, or tang = 

+ ^— 1. The latter value being imaginary is inadmissible. 
The former value shows that tiie posts should be a vertical. If 

the posts are vertical, the other terms give tang ^ = -= , as they 

should. 
4th, Suppose that tang is very small. Then the term (1 + 

tang* 0) ^^^ will somewhat exceed U7iity. Suppose as a second 
approximation that it is unity y and we have 

= oi ^®*^^y» 

229 Tlr^ 

since 2 8 2> will be small compared with the other term of the 
denominator, and may be neglected. Hence, approximately, th« 
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tangent of toe inclination of the poet for minimum material 
varies directly as the length of the bay, and nearly as the square 
root of the vertical stress, and inversely nearly as the depth, 
since the exponent of D is nearly unity. 

5th, When I and D are constant, it appears that tlie inclina- 
tion of the posts increases as P increases, a^d hence for mini- 
mum material should be more inclined at the ends of a truss 
than at the middle. 

ExAMFLB.— Let D = 18 feet inches, 7 = 12 feet 6 Inches, P = 02,000 
lbs., ^ = 8 lbs. per inch of section and one foot in length, T '= 10,000 lbs. and 
t == 0.028926469. Required the inclination of the post for a minimiira amount 
of material. 

. * . Eq. (157) becomes 

0.028986469 x 10,000 xl8.75*» ^ ^ ^ ^m ^ (f - ««V»)' H- 



8 X 62,000 

We hare log. 0.028026469 = s.8788786 

log. 10,000 = 4.0000000 

Ht log. 18.76 = 1.1494735 

log. 8 ar. CO. = 9.5228787 

}f log. 62,000 ar. oo. = 7.7567524 

log. 6.42668 = 0.8079882 

Henoe, the expres sion becomes 

6.42668 (1 + tanf 6)*** + (} - tang ey + 1 

If ta/ng 9 = 0.00, the expression becomes 8.09829 
tang e = 0.03, the expression becomes 7.90246 
tang 9 = 0.04. the expression becomes 7.83185 
tang $ = 0.05, the expression becomes 7.54871 
tang = 0.06, the expression becomes 7.77841 
tang = 0.08, the expression becomes 7.82091 ; 

from whidi it is eyident that the minimnm is for tang 9 = 0.05 nearly ; or lot 
I) = 2® 62' nearly. 



SPECIAL TEUSSES OF THE PANEL SYSTEM. 

133. — liONG's TRUSS. — One panel of the Long's Truss is 
shown in Fig. 84. This is one of the earlier wooden bridge 
trusses of this country.* The upper and lower chords were 

* See Jovr. Frank, Ingt.^ Vol. Y., 8d Series, p. 281, for a diagram, and 
daims of the patentee. See also Am. Jour, of ArU and Science, Vol 
XXXVni., p. 902. 
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composed of small stringers AAA which were spliced, when m 
single piece could not be obtained which would reach the whole 




Fig. 84. 

length of the bridge. The vertical posts (which served as ties) 
were double. The manner of securing them to the chords 
is suflSciently evident from the figure. The keys FFFwere to 
force the ];)ost8 against the main brace G. The main bracep 
were also double, and so placed as to leave a small space be- 
tween them, through which part of the counter-brace D 
might pass. The manner of securing the main braces is 
also sufl[iciently evident from the figure. The lower end of the 
counter-brace -D, rests upon a block T, which is secured to one 
of the posts JBy by piys or in any other convenient manner. A 
rest is thus formed for part of the main brace, and the remain- 
ing part bears, by means of a shoulder, directly against the post 
3. The upper end has a shoulder for bearing against the post, 
and the whole is brought into bearing by a wedge (or key) ff, 
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virhich is driven between the upper end of the counter-brace and 
the upper chord. These trusses may have served a good purpose 
in their day, but they are no longer in demand, since the exten- 
sive use of ir^xi makes other forms more desirable. This truss 
is of the " Howe Type," and the scientific principles connected 
with it will be sufficiently discussed in the following articles. 




Fio. 85. 



134 Honns's TRUSS. — ^The general form of Howe's 
Truss is shown in Fig. 85.* The diagonals are wooden braces, 
and verticals are iron ties. We have taken this as one of the 
"type forms." As usually con- 
structed the main braces are 
double, as shown in Fig. 86, and 
of uniform size throughout the 
span, and the counter-braces are 
of the same size, and placed be- 
tween the main braces, and the 
chords are also of uniform size 
throughout the span. One of 
the marked features of this truss 
is the use of blocks which are 
placed between the ends of the 
braces and the chords. The 
vertical tie rods pass directly 

through the blocks and chords, being secured at one end by a 
Dut, and at the other by a head, or at both ends by nuts on the 
rods. Such are the general features of the truss, which wil] 
now be considered more in detail. 




Fio. 80. 



* JcfVLT. Frank. IruL, Vol. IH, 8d series, p. 289; also Am, J&ur. of ArU 
cmdBdmoe^ YoL XYHI., p. 123. 
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i 

1 j|5«— MAIN RBACB8. — ^The main braces being all of the 
name size, their dimensions will be determined so as to resist the 
vertical stress at the ends. Hence if 

k = the section of all the braces at one end for all the 

trusses, and 
O = the modulus for crushing, 

and we assume that these braces will not bend, we have directly 
from Eq. (129), 

seoe=^i Wseod nearly (159) 

The expression ^ TT^^ ^ is on the safe side. But as we no 
longer consider the parts as reduced to rigid right lines, and the 
joints perfectly flexible, as was done in the preceding articles, 
we must consider what effect flnite pieces and rigid joints will 
have upon the formulas. 

It appears that rigidiiy cannot cause any greater stress upon 
the end braces than that due directly to the full loading, and if 
it has any effect it will diminish the stress. It seems evident 
that the effect of rigidity in the chords will be to diminish the 
stress on all the other diagonals and verticals, for if the chords 
were sufficiently rigid they might carry the whole load. As it is, 
they may carry a part of it. The transverse sections of the chords, 
diagonals and verticals are so small compared with the length 
and depth of the truss, that they can have no perceptible 
effect upon the formula. Equation (128) is therefore on the safe 
side. The longitudinal stress upon the chords is not increased 
in amount by the rigidity, but the tendency is to produce a 
little more stress on the fibres on the upper side of the upper 
chord and lower side of the lower chord than the average 
stress ; and hence a somewhat less stress on the fibres on the 
opposite side of the chords. In short they will resist some- 
what like beams. There will be a slight transverse shearing 
stress, depending chiefly upon the amount of deflection of the 
truss. On the whole, the formulas for the stress upon the 
chords are considered safe. 

There would be a saving of timber if the braces were pro- 
portioned according to the stresses, but as timber is compara- 
tively inexpensive, and as it would cost extra in time and labor 
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to make the bftuses of different sizeB, it is deemed inexpedient tc 
do so. Indeed, in all wooden structureB the tendency is to be 
lavish with timber rather than saving, especially when there is 
any question about the strength. 

136, — couNTKR-BRACKS. — The stress on the counter- 

braces is greatest at the middle of the span, and is found by 

making n = i (i\r + 1) in Eq. (128). Hence, the greatest 

iT" — 1 
stress on the counter-braces is — ^-t^^--^ 9eo6 ^ ^ Np nearly. 

This is the case when the number of bays is odd^ in which case 
both the braces in the middle panel may be considered as main 
braces. If the number of bays is even, make n- = i i\r + 1 in 

Eq. (128), and it reduces to I \ {N — 1) i> — \ v^x V^ ^> 



FiC^- l)i>- 4^^J 



which is less than i N p. Usiiig i ^ p as the limit which il 
cannot exceed, and comparing it with Eq. (159), and we have 

maximum stress on counter-brace \ Np _ 

maximum stress on main brace ~" i {J!f — 1) (P + ^i) "" 



P 



rr nearly (160) 



4 (^ 4- w^ 

The value of this fraction is alwavsless than one-fourth ; hence 
the counter-braces need not be one-fourth as large as the main 
bi*aces. In practice they are made more than twice as large to 
is necessary, since the counter is usually the same size as the 
main, and there are half as many of them. In Eq. (160) if 
^1 = i J^j the fraction becomes -J- ; if w?, = i j?, it becomes -J- 
(and this might be considered ^practical value) \ \1 w^-=> p, it 
becomes ^. It has also been shown that counter-braces are not 
needed in all the panels, and that the effect due to the stiffneso* 
of the chords makes a still less number necessary. It would be 
an improvement in strength if counter-braces were placed in 
only a few of the central panels, see article 125^ and that in all 
the others they were entered as main braces. Placing counter- 
braces in every panel, including the end ones (as is usually done 
in practice), seems to be without any good reason. 

It is said by some that counter-braces may be used to increase 
the stiffness of the structure. In regard to this we observe firet^ 
that if both main and eotmter are strained at the same time, it ii 
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not dne to thelooding, but to some peculiarity in iJe construction; 
or to some artificial process. For instance, if a key is driven 
between the ends of a main brace and the block at the foot of 
it, it will tend to elongate the diagonal of the rectangle in that 
direction, and to shorten the diagonal in the direction of the 
counter-brace, and may thus induce strains on both at the same 
time. The same result would be secured by making both 
braces a little too long and forcing them into place ; or by 
keying the counter instead of the main. The direct eJBfect of- 

137, — KBiriNG TBB couNTBB-BRACB Is to retain perma* 
nent strains upon both braces. If a uniform load is placed 
upon a truss, the immediate tendency will be to relieve all 
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the counters^ as in Fig. 87. If now all the counters are keyed, 
by driving a wedge between the ends of the braces and chords 
so as to fill the space which had been left vacant, and then the 
load be removed, the truss will immediately seek to regain its 
original form, and in doing so will bring compression upon the 
counter-braces, while compression still remains upon the main 
braces. If the counter-braces and keys were perfectly non- 
compressible, the same compression would exist in the main 
braces when the load is removed as when it is on. If this were 
the case, the only effect of putting the same load on as that for 
which it was keyed would be to relieve the strain upon thi 
counter-braces, and there would be no increase in the deflection. 
But the counter-braces being compressible, they will yield some- 
what under the reaction of the main braces, and a portion of 
the deflection which was caused by the load will be regained. 
As the greatest slope due to the deflection will be near the ends, 
where counter-braces are not needed, it appears that but little 
is gained in stiffness in this way, and if counter-braces are put 
m the end panels for the purpose of producing stiffness, they 
will fail of their object, unless thef are so thoroughly keyed as 
to produce constant and heavy strains upon the other parts. 
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In order to key the counter-braces so as to be in bearing fof 
a passing load, they should be keyed at the forward end of the 
load, as it passes on until it reaches the middle, and then the 
keying should be done at the rear end of the load as it passes 
from the middle to the end. Keying the counter-braces in this 
way seems to be of very doubtful utility. 

138« — oAMBEBiNo is causiug the truss to be slightly arched 
upward. A bridge thus formed presents a better appearance 
to the eye than one with perfectly straight chords. It may be 
accomplished in various ways. Having determined the proper 
length of the main braces for straight chords, if their length 
be slightly increased^ begini;iing with nothing at the centre, and 
increasing gradually towards the ends, any desired camber may 
be secured. This will give an arch-form. If they are increased 
in length in the opposite direction, it will tend towards a pointed 
form. Making the end verticals slightly shorter than the 
middle ones, will produce the same general effect as the former 
mode, for it forces the rectangle into a rhomboid with its longer 
diagonal in the direction of the main brace. A similar effect 
may be secured by making the bays of slightly different lengths. 

There is no rule for determining the amount of camber, but 
it should evidently be such that the heaviest loads will not 

bring the chords to a horizontal. 

« 

ISO* — THE BiiOCK at the ends of the braces should have 
its faces at right angles to the line of the brace. To accomplish 
this is more of a problem than at first appears. We have given 
a = the clear depth of a panel ; 
b = the clear width of a panel ; and 
c = the thickness of the brace, 
to find the base and height of the block so that the hypothenuae 
shall equal c^ and at the same time have the hypothenuse 
perpendicular to the line of the brace. 

If y = tlie depth of the block which rests against the side a, 

I find 

4 y* - 4: ay* -h (»• + y - 4 (?•) y' + 2 ao» y = J' c* - c* 

which is a complete equation of the fourth degree, and its 

Boliition is impracticable. Practically the faces of the blocks 

may be wider than the depth of tie brace, and perpendicular to 
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the diagonal with the panel, iu which case the brace mav be 
parallel to or coincident with the diagonal. 

In the cheaper structures the blocks are made of wood, but in 
more important ones they are made of cast iron. 

The depth to which the block should be let into the chords 
depends upon the horizontal component of the push of the 
brace, and hence should be greater near the ends. No theoreti- 
cal rule can be given for this case, but it is found in practice 
that a small depth, from one-fourth of an inch to an inch in 
depth, is sufficient. 

To prevent the block from crushing the chord, an iron block, 
or hollow cone, or other suitable piece, is placed between the 
block which is on one side of the chord, and the washer which 
is on the other side, so that the vertical stress is transmitted 
directly to the vertical tie without pressing upon the chord. 
When the chords are made of several parallel pieces, this iron 
piece may pass between said pieces. 

ISO. — TKB TKRTicAii TIE-RODS bciug made of iron, it 
will generally be more economical to proportion them according 
to the strains than to make them of uniform size. When they 
are long, it will be best to have a washer and nut at each end, 
instead of having a solid head at one end. The thickness of the 
nut should at least equal the diameter of the rod. It is a good 
plan to so enlarge the ends of the rods, that the diameter shall 
equal the body of the rody jplus twice the depth of the threads. 

131.— THE CBtORDS, — ^Thc chords being made of uniform 
size throughout their length, their dimensions must be deter- 

WL 
mined from the stress at the middle, which is i — 77-- Of 

course there is an excess of timber in the chords in all but the mid- 
dle panels, but there is generally no economy in reducing them. 

For long spans they are built up of short pieces so placed aa 
to break joints, or by splicing the joints, as shown in Fig. 26 a^ 
or in some other suitable manner. 

139.— F»ATT»8 TRUSS.— In the design of Pratt's Truss^ 
the chords were made of wood and of uniform size throughout, 
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the verticalB were also made of wood, and all of the same suae 
and the diagonals were iron rods, as shown in Fi^. 88.^ 




Fig. 8e» 

The analysis of this trass is the same as for Howe's Trass. The 
chords should be of the same size as for Howe's ; the vertical 
posts may be smaller than the braces in Howe's ; but the iroD 
rods must be larger than the iron rods in Howe's. This may be 
the principal reason why, in wooden structures, the Howe Truss 
is so much more popular than Pratt's. The latter, however, is> 
a good form, and in iron structures is much to be preferred te 
Howe's, as will be seen hereafter. We have used this afl 
another " Type Form." 

The details of the Howe Truss — such as the use of blocks, 
depth of notches, etc. — are suflSciently suggestive to guide the 
engineer in the construction of Pratt's. 
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ISS. — i¥BiiPPi«B»8 TRUSS is composcd entirely of iron, in 
which the verticals are posts (or struts) and the diagonals are 
ties, as shown in Fig. 89, hence it is of the Pratt Type. ThiF 

* ToBe'8 ** Handbook of Bail-Boad Goimtxnotion.** 
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ia one of the earliest iron bridges of this country. Here we sec 
for the first time the omission of comiter diagonals. It is 
^iiite probable that in practice, in a bridge of the number of 
panels here shown, that one or more counter ties each side of the 
centre would be necessary, or at least advisable ; but I have 
omitted them on pm'pose to make the application of the prin- 
ciple more striking. It has been frequently observed in the 
preceding pages that long pieces subjected to compression are 
liable to bend, and that in such cases their strength is not 
directly as their section, hut varies as some power of their 
lengthy while the strength of ties varies directly as their section. 
For this reason it appears evident that for economy the verti- 
cals should hQjpostSj and the diagonals tieSy in iron structures of 
this kind. 

Mr. Whipple's trusses were double, that is, each long diagonal 
crossed two panels. Mr Whipple so made the posts of his 
trusses that the tie-rods could pass through the middle of them, 
and at the same time he trussed the posts by iron rods in such 
a manner as to prevent flexure. The upper chord is usually 
made of hollow cast-iron tubes, the length of which equals the 
length of a bay. The lower chord he made of links of wrought 
iron, as shown in Fig. 90, which passed over cast-iron blocks. 
There was a cast-iron block at the foot of each post. 

Since Mr, Whipple designed his truss there have been many 



Fig. 90. 

others constructed upon the same general plan, but which diffei 
from his in the details. For instance, see Jones* Truss,* 
Murphy-Whipples',t Linville's Truss.:]: Sometimes these 
trusses have a vertical end post instead of an inclined brace, as 
in Fig. 89. There is a design of such a truss by J. H. Lin- 
ville, in the Jour, Fra/rJc. Inst.^ VoLlviii., 3d series, p. 9 (1869), 



* BcMntifio Americany YoL ix., 8d series, p. 103. 

f GoL MeiTiU*8 work on Iron Trass BaU-Boad Bridges. 

t Jour. Frank. Inst, Vol. lyii, 8d series, p. 89 (1869>. 
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The lower chords of some of these trusses are composed of 
B succession of links which lap past each other, and which sjr» 
connected by a pin passing through an eye 
near their ends. The end of one such is 
shown in Fig. 91. / 

The pins which pass through the ends of *■ 




the links resist shearing on both sides of Fio. 91. 

the link ; hence it would seem that the 
cross-section of the pins should equal one-half the cross-seo- 
tion of the links ; the heads of the links being enlarged bo 
as to equal the section of the body of the link. But experi- 
ments show that the strength of the eye depends directly upon 
the bearing surfaces. Experiments were made upon the links 
of Mr. VignoPs suspension bridge over the Dnieper, at Kieff, to 
determine the proper proportion for the eyes of the links and 
connecting pins, the results of which were given in a paper by 
Sir Charles Fox to the Eoyal Society, of which the following is 
an extract.* 

" The links were twelve feet long from centre to centre of pin- 
holes, and ten and a quarter inches by one inch throughout the 
part between the eyes. The heads were one inch thick and 
sixteen and one-half inches in diameter. At first these were 
pierced with holes four and one-half inches in diameter for the 
reception of the pins, thus giving the latter 15.9 square inches — 
or more than 1^ times the smallest sectional area of the links, 
yet experiment showed that the heads would fail before the 
links. The heads were torn across and the metal bulged out in 
the direction of the strain. The head was then increased in size, 
but the result was substantially the same. The pin-holes in one 
of the original links having a head of sixteen and one-half 
inches in diameter were then enlarged, so as to give a semi-cylin- 
drical bearing surface of 9.4 square inches, instead of 7 square 
inches as in the former case, and the strength was increased 
from one hundred and eighty to two hundred and forty tons, 
notwithstanding the diminution of the metal in the head. 
Subsequent experiments showed that the diameter of the pins 
might have been still more increased with advantage; the 

* Jour. Frank. TnO., Y6L zliil, dd sezies, p. 107. 
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best proportions appearing to be thoae >¥hi<uh 
give a bearing sarf ace about equal to the least 
sectional area of the links. Sir Charles Fox 
considers that it is best to make the bearing 
surface slightly in excess of the proportion 
just mentioned, and he thus gets, for the pins 
of suspension chains, the simple rule '' that 
the diameter should equal two-thirds the 
width of the body of the links." 

This rule gives for the hole an exoess of 
strength for ]BTgejymSy and a lack of strength 
for small ones. In the former case the 
pins may be made hollow; and in the latter, 
strength of the pins must be computed, and 
leave an excess of bearing surface. 

In determining the proportions of the 
head or eye through which the pin passes, 
it must be remembered that the strain is 
not unifoiinly distributed, the strain on the 
inner part being more severe than upon the 
outer, similar to the strain upon a cylinder 
subjected to internal pressure. (See Resist- 
ance of Materials^ p. 26.) From the ex- 
periments made above. Sir Charles Fox esti- 
mates that the sum of the width of the two 
sides of the eye should be about ten per 
cent, greater than the width of the body of 
the link, both being of the same thickness 
throughout. But when circumstances will 
permit, it is better to increase the thickness 
of the eye. " A rule for the size of eyes 
which has been much used, and which gives 
equally good results, is to make the outside 
diameter of the eye equal to twice the dia- 
meter of the pin, and then to increase the 
thickness until the requisite sectional area is 
obtained. 

To compute the strains on these trusses^ 
we conceive that they are divided into two 
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(or more if necessary) simple trasses and compnte for each 
separately, and then combine the two results. This will be 
illustrated by the following example, 

134. — ANAIiT8I8 OF TKB IK>ITBI«B PANBL STSTSni At 

snonTN IN Fio, 92. — ^As the end members are vertical it may 
be called the Linville Truss. It will require a little more 
material than Whipple's, which is of the trapezoidal form, 
because in his truss tiie members ABy Ai, WVy and Wvy will be 
omitted, and the weight of the long end braces will be but little 
more than the vertical posts aA and v V. In other respects 
the computation will be the same in the two cases. 

Assume that the weight of the truss is 210,000 lbs. Also 
let 

Span a«; = 200 feet = L 

Depth of truss 18 feet 9 in. = 2) 

Length of a bay = 9^ feet = I 

Number of panels = 21 = ilT 

Panel weight of one truss = 5,260 = w 
Panel weight of live load == 13,64.0 = ^ 
Inclination of the ties, = 45° neai'ly. 

The weight of the truss is intended to be only that part of it 
wliich produces strains, and hence excludes the end posts and 
one-half of the end bays. This weight is assumed to be uniform 
over 20 panels, and as there are two trusses, the panel weight 
is 5,250 lbs. 

THE CHORDS. 

The maximum stress on the chords is produced by the total 
live and dead loads. To find the stress on PO for instance, we 
find it on OQ for the simple truss Oo Qq Sa Vu Vv; and on 
j^P for the simple truss JVh Pp Rr^ etc., and add the results. 

A slight ambiguity arises in these cases, because if the loads 
be considered concentrated at the joints, and equal at each joint, 
they will not be symmetrically placed in reference to the centre 
of the truss, and hence the support at a will carry a little more 
than half of the load on the partial truss aA^ &, 2>, f^ etc., and 
tlie sup}X>ii; at w will carry the same portion of the load on the 
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6ther partial triiss. But it simplifies the case considerably to 
suppose that each one sustains one-half the load for each partial 
truss, and I will so consider it in regard to the strain on the 
chords. For the sake of simplicity we will call the inclination 
of the diagonals 45 degrees, although it differs slightly from 
that. This will be equivalent to calling 22 = -D. These 
approximations will make the stress upon the chord somewhat 
less than an exact analysis, perhaps 30 or 40 lbs. less. 

For the pai-tial truss Ww Uu &, etc., let V^ be the reaction 
of the support at w^ and H^ the stress on the chord. 

The load will be 10 {p + w,), 

.*. Fi = 5 (^ + w^)j and taking the origin of moments at^, 
we have 

Jj; 2? = r, X 7l-'3{j> + w,) X 4:1 

23 
.'. ^i = -Q (i> + y^x) = stress on PB. 

For stress on iTP, take the origin of moments at o. 

r.H^D^ F, X 82- 3(^ + t<7,) X 42 

28 
.'. JJ, = -^ (^ + w^ = stress on O Q. 

51 
.-. Stress on ^P = ^, -f iZ; = ~ (^ + w^. 

; In a similar way we find the strains on all the other bays. 
The results are entered in the following table. 

To find the weight of the hollow pieces (columns) which 
form the upper chords, assume that the ends are round, the 
column long and cylindrical, and the thickness ^^ of the exter- 
nal diameter. (Any other thickness might be assumed.) Then 
if we use ji/oe times the stress for safety, we may find, as in 
article 25, that 

I 1.79 

Weight = 0.00459961 (5 x stressy^i x {length) ^ * 

1 1J9 

= 0.01082713 (stressY'^ x {lengthy.^... (161) 
(log. 0.01082713 = 2.0345136). 
By means of this f onnula the weights in the following table 
have been computed. 

* See alao GoL MerriU's Iran TVtus Bridgeafar BaO^BiHiday pi 51, 
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Hence, for (me-balf of the trnas, we have fhe following 
results : — 



PmcE. 



KAzunnc CoMFSBsaioii as Uffbb Ohobd. 



liBa 



W V 
V U 
U T 
T 8 
8 B 
B Q 

Q P 

P o 

ir 

ML 



15 

2 
28 

2 

81 

2 
87 

48 

T" 
47 

2 

2 
B8 

2 

55 

2 

®. 

2 

55 

2 



{p + W 

{p + w, 
{p + w 
{p + w 
{p + w 
{p + w 
{p + w 
{p + w 
(p + w, 



Ul,675 

217,235 

292,795 

349,465 

406,135 

443,915 

481,695 

500,585 

519,475 

519,475 

519,475 (half of) 



Total 



Weight 
nr 

LB8. 



435 

547 
640 
706 
761 
798 
834 
851 
868 
868 
434 



7,741 



The Btresses upon the lower chord are found in the same 
manner, observing to take the origin of moments at the propei 
joint of the upper chord. 

The weights of the pieces are found from the formula :— 

xn. . , 5 X 8i/re88 in pounds x length in feet 
Wei^M jp^^ 

__ stress in pounds x length vnfeet 

poo 

This is for a factor of safety oijhe. 
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In this way the following table was compated :— 




V u = 

u t = -f (^ + w,)= 47,225 

t s = ^ Cp + wO = 141,675 

* r = -|-(i> + t£^J = 217,235 

r J = ^ Cp + w.) = 292,795 

S J> = ^{P + ^i) "= 349,465 

jp o = Jf^lj} + w,) = 406,135 

o n = ^lj> + w,)= 443,915 

n f/i = ^ (jp -f w,) = 481,695 , 

ml = -f (jp + ^t) = 500,585 : 

Ik = -|.(i> + w?0 = 519,475 (half of) 

Total 



Wbiohv 



Lsa 



125 
380 
575 

775 
920 
1,074 
1,174 
1,274 
1,324 
687 



8,308 



THE TIES. 

A slight ambiguity also exists in regard to the stress on the 
ties, but I have assumed for the dead load that it is zero at the 
centre, and increases uniformly to the ends ; but for the live 
load I assume that the weights on each of the joints are equal 
to 13,640 lbs. 

The former hypothesis makes the stress on the end ties {bA)^ 

5 w^ sec 0j instead of -^j- 1£>„ see 0. 

l*^or a maximum stress on the main ties the load must extend 
from the tie to the remote end, and for a counter tie, from it 
to the near end, as has been shown heretofore. The method of 
ilotermining the stresses is sufficiently evident from previous 
explanations. The weights of the ties are detennined f ix>m Eq 
(157). The results for one-half the ties are given in the follow 
ing table. 
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hA : 

c A ■■ 

d B : 

e O 

g E 

h F 

i a 

h H 
.1 I 
m K 
n L 
M 

qO 

r P 

s Q 

t B 
u8 
• T 



I 



^ j9 + 

21-^ 

.21-^ 

H 1? ± 
. 21 -^ 

21 if' 
, 21-P 
21 -*^ 

4cP- 



: 
( 



5 «7j 

5 t^^j 
4 ti7j 

8w, 
Sw, 

2w^ 

0' 



w, 
wA 

2w, 
Sw, 

4 w^ 
4 w^ 



LBa 

i ^T = 109,228 

X y/~ = 129,247 

X V^ = 112,365 

X V~ = 104,312 

X V~ = 88,407 

X v^T = 72,999 

X \/"T = 66,285 

X y/T z^ 69,849 

X \/"r = 46,004 

X y/T = 40,490 

X VT = 27,556 

X VT = 22,999 

X y/~r = 10,917 

X V^ = 7,272 

X yfT = Negative 

X V"r = Negative 

X \/"2" = Negative 

X \/*X' = Negative 

X y/T = Negative 

X v'T = Negative 



Wkiohy 
nr 

LBS. 



Total 



636 
952 
828 
768 
651 
538 
483 
441 
339 
299 
203 
169 
81 
54 



6,442 



The Vertical Struts. 

The vertical component of the stress on the struts is the same 
as for the ties, as has been before shown, and hence the general 
expressions are given in the parenthesis of the preceding table. 
Their weights are computed from Eq. (156). The results foi 
half the struts ar3 given in the following table: — 
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IiB& 



a A 
I B 

O 
dD 

e E 
f F 

KH 

% I 
hK 

1 L 



- 10_p + 



10 «o 



= -i-i> + 






3 10 
3 10 
2 to 
2 to 

10 
10 








188,900. 
79,457 
73,621 
62,514. 
57,319 
49,393 
44,531 
34,420 
30,253 
19,486 
16,238. 



Wbight 

IN 

iiBa 

1,841 
1,162 
1,115 

1,024 
977 
902 
864 
745 
695 
550 
499 



Total = 



10,364 



Hence we have : — lbs. 

Weight of upper chord = 7,741 

Weight of lower chord = 8,308 

Weight of ties = 6,442 

Weight of posts = 10,364 



Total = 



32,855 
2 



Multiplied by 2, weight of one truss = 65,710 

The computation thus far is for a mere shdeUm truss, and 
hence something must be added for connections, pins, bolts, 
cross-ties, floor and track, to find the full weight of the hridge. 
6ome of these might be computed, but instead of attempting it, 
we will add 15 per cent of the above weights for the mechani- 
cal connection, and add * 

For iron floor beams 100.80 lbs. per foot 

Top lateral struts 21.60 lbs. per foot 

Top lateral ties 24.00 lbs. per foot 

Track (including rails, ties, etc., etc.).. . .245.60 lbs. per foot 

Total 392.00 lbs. per foot 

* I haye taken some of these nnmbeis so as to make them agree with thoei 
in an article which I published in the BaO-Boad Oaeette, Dec. 24th, 1870. 
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And for half the bridge we multiply this by 1 00. 
Hence we have : — 

Weight of one truss 65,710 lbs. 

Weight 15 per cent 9,857 lbs. 

Half weight of floor, etc., etc., as above 39,200 lbs. 

Weight of half the bridge 114,767 lbs. 

Total weight of the bridge 229,534 lbs. 

After deducting the weight of the end posts, half the weight 
of the end ties, and half the weight of the end bays of the 
chords, I find that the computed weight exceeds the assumed 
weight by about 5,000 lbs. This, however, would increase 
the preceding result by a small amount^only. 

I have also made the following computations, using the same 
live load per foot of length as above, and assuming that the 
ties incline at an angle of 45®. 



Live Load 
per Panel. 


16 
20 
21 
21 


ABflomed weight 
of the Trass. 


Depth. 


Weight 

of Upper 

Chord. 


Weight 

of Lower 

Chord. 


Weight 

of the 

Ties. 


Weight of 
the Posts. 


Oompatad 
Weight of 
the Trass. 


Lbs. 

17,600 
14,080 
13,640 
13,640 


Lbs. 

240,000 
240,000 
280,000 
210,000 


Ft. 

25.00 
20.00 
18.75 
18.75 


Lbi». 

8,895 
7,953 

7,884 
7,741 


Lbs. 
6,221 

7,934 
8,935 
8,308 


Lbs. 

6,790 

6,615 

10,449 

10,364 


Lbs. 

13,748 

11,133 

10,748 

6,442 


Lbs. 

242,408 
238,234 
232,753 
229,534 



The live load is nearly the same per foot of length in all 
these cases. We see that the assumed weight has much less 
influence upon the resultant weight than the depth of the truss 
has. The data m the flrst two cases are essentially the same 
except the depth, and we see that the resultant weight is less 
for the less depth. This result appears still more striidng by 
comparing the third case with the others ; for here the weight 
is 40,000 lbs. more, and the depth is 15 inches less, than in the 
preceding case, and yet the computed weight is less than in the 
preceding case. 

If the members which are avhjected to compression are pro- 
portioned as for jnUars^ it is ea^ to show that for minvtaxim 
material tlie depth must he infinitely smalL 
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^ One of the builders of these trusses (and 

^ perhaps many others do the same) insists that 
a depth equal to one-eighth of the span givee 
the best results. As we have just seen, it does 

"^ not give the mirdfm.m matJial, but it must 
be observed that the less the depth the greater 

^ is the number of bays, and hence more pieces 
must be used. The small saving in mate- 

ei rial in a low truss is more than balanced 
by the extra cost of labor in manufacturing 
them. Indeed the whole problem of " Mini- 
mum Material" in trusses is more theoretical 
than practical. The saving of a few lbs. of 
material is as nothing compared with the 
best modes of connecting the parts, and of 
conveniences in erecting the structure. It 
would also be folly — if not madness — ^to insist 
upon saving a few pounds for the sake of 
making a lighter truss than some other build- 
er, if by so doing it involved any known risk 
of safety or durability. 

135. — POST'S TRUSS is a slight modifica- 
tion of the ordinary panel system. The posts in- 
cline towards tlie centre having a run of half 
a bay ; the ties cross a post and incline 45°, 
and the counter-ties have the same inclination, 
but cross only one panel, as shown in Fig. 93. 

The mode of analysis is essentially the same 
as that already explained for the panel system. 
Let 

Span or = 200 feet = Z 

Depth of truss 18 feet 9 in. = /> 

No. of panels 16 = JT 

Panel length 12 feet 6 in. = / 

Panel weight of engine . 17,600 lbs. = j> 
Panel weight of one truss 6,562^ lbs. = w 

This load is essentially the same as that 
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assnmed in the preceding pi'oblem. The span and depth arc 
the same. 

TEEa 

To find the maximum strain on the ties and posts, suppose 
that the live load extends over the whole length of the truss, and 
moves ofiF, without shock, in the direction from r towards a. 
The maximum strain on Rr and Itq will be when the load e» 
tends the whole length ; on Kp when the load extends from j? 
to a ; Qn oQ and Qq when it extends from o to a, and so on to 
the centre, beyond which we get the maximum on. the counter- 
ties only ; and to get the maximum on the other half of the 
bridge, we suppose that the live load moves in the opposite 
direction, and consider the maximum on the post and main ties 
to the centre, and on the counter-ties beyond the centre, as 
before. The results are entered in the annexed table. To 
show how they are obtained, take cD^ for example, and consider 
first the moving load. Since ah is only half a bay, the joint h 
will sustain only ^ (although in considering the dead load I 
have supposed that w^ is supported there). If the truss had no 
weight the loads at h and c would produce tension on a diagonal 
passing from oto D. Although this diagonal is not shown, 
yet we may find the stress which tends to pass through it. 

The strain is produced by a load of fp at J, and^ at c. A 
portion of the strain due to ip is* transmitted through bC\ 
thence to c, thence through cD (not shown in the figure), and 
so on to r. Similarly the strain due to p ut c is transmitted 
through oDy and so on to r. Hence, if we find how much of 
the weight is sustained at r, we find how much would be trans- 
mitted through cD, by multiplying the result by the secant of 
the inclination. This is easily found by moments. Taking the 
origin of moments at a, the lever arm of ip is ab = one- 
half a bay ; of ^ at o, is ao = 1^ bays ; and the arm of the 
moment of the reaction at r is 16 bays. 

Hence we have 16 x reaction = ip x i + j> x f 

.'. reaction = iVt-P 

In a similar way find the stress due to the weight of the truss, 
by observing that it is loaded the whole length by the weight of 
the truss. Or| observe that the strain at the middle due to the 
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freight of the truss is zero, and increases each way from the 
centre, and we find that the stress due to to, is 3w, seo 0. Hence 
the resultant stress due to both loads is 

i^P - 3W.) seed, 
as shown in the following table. In this case it is negative. 

The secant of the inclination is V 2, and the length of a tie is 

18.75 X V 2. Hence we readily find the following results : 




q B = 
j> i? = 

Q = 
n P = 
m O =i 

1 Jf = 
k M = 

i K = 
h 1 = 

g 11 = 
f G = 
e F = 
d E = 
D = 
h = 



256 ^ 
.256^ 
.256 -^ ' 

B8 ■'^ 

128 •* 

'^P — 
.128 -^ 

^P — 

,128 -^ 

^P — 
.128 -^ 

.128 -^ 
\8_ 

.128 

Total 



2w, 

w, 


w 
2w, 
3w, 

7w,' 



i 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 



y 10 

V 
V 
V 
V 

V 
V 
• 
1/ 



2 r= 
T~ =: 



2 = 
T' = 
8~ = 



a = 



a = 



103,979 

127,542 

112,138 

95,804 

81,856 

67,078 

54,685 

37,927 

30,627 

28,625 

9,283 

Negative. . . . 

Negative. . .. 

Negative. . .. 

Negative . . . . 

Negative 



671 
866 
826 
706 
603 
494 
403 
280 
226 
211 
69 



6,467 



posra 

The end posts sustain the weights on both partial trasses, 
which equals tlie sum of the quantities in the first two parentheses 
of the preceding table, multiplied by the secant of the inclina- 
tion, which is i V~io". The length of a post is i of 18.75 V 10". 

When the train extends from the centre to one «nd of the 
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lee 



bridge, it ia impoBsible to tell exactly how much is Bustained by 
li Ij respectively, but the most rational assumption is, that 
each transmits half the strains from / to the lower chord. We 
readily find the following results : — 




r R 

91 Q 

O 
n N 
mM 

1 L 
k K 
j J 






£^p 

256-^ 

^p. 

J^P 



P 



+ 8ti», 
+ 8w,] 
+ 8w. 
+ 2«j, 
+ 2w, 
+ W.J 

+ «>, 
+ 
+ 0) 



i 



VvT 



188,900. 
81,335. 
69,160. 
59,513 
48,498, 
40,011 
29,195 
22,827 
14,131 



Total 



1,842 

1,498 

1,198 

1,102 

988 

893 

755 

662 

512 



9,450 



THE CHORDS. 

The maximum strain on the chords is produced by a loadjextend- 
ing the whole length of the span. The strain on any bay is most 
easily found by the principle of moments. For example, take no. 
If this piece be severed the truss may fall by turning about O or 
P. To find the strain on op, suppose that the truss is separated 
into two simple ones, one being composed of the parts r J?, Itp^ 
pPj Pn^ etc. ; and the other of rJ?, Bq^ qQ^ Qoj oO^ Om^ etc. 
We find the strain on np for the first partial truss, and oq for 
the second, and add the results for the strain on op. Let F. be 
the amount sustained at r for the first truss, and T^ that sus- 
tained by the second truss. By examining the table of strains 
for the ties, we see that the reaction at a for the first partial truss 
is ^^^ ^ + 4 w?,. The origin of moments being at Qy let fall 
a perpendicular Qx^ then will the lever arm of F", be Z = xr. 

The load at q being ^p 4- w^j, and its arm being x q — ^l^ 
its moment will be (f j> 4- w)^l\ and as F, and this load act 
in opposite senses, we have for the total n^oment, 
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B,D= F. Z - (i/> + wO i ^; tilt -O = "5 ' 



2 



( 256 -P + * '"0 - i (ii* + «'JJ * = 



957 , 7 

384 -P + 3 "*' 
For the other partial trass, let fall a perpendicular from P to 
the lower chord. Calling the strain on n p for this part of the 
tnifls H„ and we find, 

^' ^ = [(IS i> + 4 ^'Oa «- (i> + "'O i ?] 

^ 1734 . 15 
•'•^»= 384^+8- "'^ 
Hence the strain on o^ is 

jT ^ TT 2691 ^ 22 
^•■'^•=384-P-'-3** 
IS given in the table. 

In a similar way the strains on any part of tne npper or 
lower chord are found and entered in the table. The length 
of each regular bay, which is the length of the pieces of tlie 
chord, is 12^ feet. 



PnscB. 



Maxxmum Tension on the Loweb Ghobo. 



LBS. 



ah Oft qr 
h e OT^p 

€ d orp o 

de or o n 

ef Qxnrrh 

fgoTral 

gh or I h 

hi or hj 

• • 





8R4 -t^ 
S84 -c^ 

884 ^ 

= ^. 7) 
884 ^ 

884 Jr 

— a^ ry 

884" -r 

384 -r 

— _89W ^ 

884 ^ 



Total 



f i^. 



+ 

+ 

f 

4- 



8 

8 
83 

8 
44 

8 
51 

8 
88 

8 
61 

8 
64 



^, = 



59,174 

171,462 

282,287 

360,387 

413,558 

476,162 : 

485,200 

509,646 (half) 



Weights. 



205 

595 

980 

1,257 

1,435 

1,650 

1,085 

885 

8,686 
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B Q 
QP 

P 

O N 

NM 

ML 

LK 

KT 






s 



to. 






119,805. 
228,414. 

326,437. 
389,420. 
445,350. 
487,068, 
499,738. 
508,273. 



Total = 



668 

943 

1,139 

1,249 

1,347 
1,409 
1,428 
1,441 



9,624 



The sum of these gives the weight of one-half the tmss. We 
have 

Weight of ties = 5,467 lbs. 

Weight of posts = 9,450 lbs. 

Weight of lower chord = 8,686 lbs. 

Weight of tipper chord = 9,624 lbs. 

Total 33,227 Iba. 

2 

Multiply by two and we have weight ) 

of one truss = f 66,454 lbs. 

Allowing 15 per cent, on this weight for connections, ai 
before, and the same quantities as in the preceding case for 
beams, etc., as follows, and we have, 

For iron floor-beams 100.80 lbs. per foot. 

Top lateral struts. 21.60 lbs. per foot. 

Top lateral ties 24.00 lbs. per foot. 

Track (including rails, ties, etc.) 245.60 lbs. per foot 

Total 392.00 lbs. per fooi. 

And for half the bridge we multiply this by 100. Hence we 
lave for 
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Weight of one truBS 66,454 lbs. 

Weight 15 per cent 9,968 lbs. 

Woight of floor, etc., as above 39,200 lbs. 

Weight of half the bridge 115,622 lbs. 

Total weight of bridge 231,244 Iba, 

This result is about 1,700 lbs. greater than for the panel 
Bystem of the same data. This result in kind might have been 
anticipated, since posts being much heavier than the ties, should 
not incline so much as this system demands (18^ 26' from the 
vertical, since cotang. of inclination = f Z -r- i ?= 3), as was 
shown in article 122. Still, in the eyes of some, the Post trusa 
may have other advantages which more than overbalance this 
loss (if we may so call it) of metaL If they have the same 
depth and the ties make two intersections — or in other words, 
cross two panels — and the ties incline at an angle of 45 
degrees, as they do in practice in both systems, then the 
number of bays and panels in the panel system is about 25 
per cent, greater than the Post truss. In the example which 
we have analyzed, the Post truss has 16 panels and the other 
truss 21 panels, so that for the same span and depth the Post 
truss has fewer posts, fewer ties, and a less number of parts in 
the chords ; the length of the chords is the same, the length of 

the ties the same, and the length of the posts i y 10 = 1.054 
longer ttian the corresponding parts of the other truss. A 
comparison of the results shows that the total weight of the 
ties and posts in the panel truss exceeds considerably the total 
weight of the same pieces in the Post truss. This excess, 
however, is more than made up by the greatly diminished 
weight of the upper chord, which is caused by the shorter 
pieces of which it is composed, in the example before us. Aa 
we have seen, the weight increases nearly as the square of the 
length of the compression members. 

We see that the difference in weight is quite too small to 
establish the superiority of one over the other. The simplicity 
of the details, the ease with which they may be erected, their 
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liability to get out of repair, and the ease with which they may 
be repaired, are more vital questions than the mere saving of a 
few lbs. of iron. Still the question of form is a very import- 
ant one. Lightness in itself is desirable, but other qualities 
are equally desirable, and the engineer should seek to combine 
a£ many good qualities as possible.^ 

* Mr. Post gave this indinatioii to the poets so as to secnre less material thaa 
in the ordinatj panel ^stem with vertical posts. An attempt to prove this is 
given in CoL Merrill's '* Iron Trass Bridges for BaU-Boads/' p. 121, bnt there 
are several assumptions in the demonstration which are not demanded by the 
problem, and, by introdadDg them, make the solution of little or no value. 
In the first place it is Msutned that the middle pair of posts meet in the 
middle, as at J, Fig. 92. This is not necessary in the discussion, although the 
inventor may construct it in that way. 

In the next place it is OMumed that the mn of a brace is half a bay. This 
is begging the question ; for he does not consider the run of a tie in the 
solution, and hence it would be just as fair to assume that the run is one- 
fourth, or any other fraction of a bay. In other words, the number of bays is 
independent of the run of a brace. Bemoving these two assumptions from the 
solution, and it follows quickly that the posts should be vertical. For we ham 

W = the weight to be carried ; 
h = the depth of the truss ; and 
b = the run of the brace. 

W 4/ j« J. ;i« 
.*. Stress on the brace = jr-j 

Jt N = the number of braces, their 

Volume = constant x jy-f ^ ♦'^ + AH "*^^ T ^———Tin 

In which m = -r-rrr-, and 



n = 



1.88 
1.79 



0.94 
As d is here the only variable, it is evidently a minimum /or b =z 0. 

But if JT is a function of the run of the brace, as, for instance, If =— - 

Co 
where 6 is an assu m ed constant, and L = the span, we have 



^ constant. -[j^j x-S-j— ' 



m + » 



which is to t e a minimum. All is constant but the last factor. Solving gi 
b = 0.8336 A 

.•. — = 0.8336 = tcmg 39* 49' 

In this solution the number of braces is arbitrary, and their run may be aqy 
traotional part of the bay. 
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136. — KXTRA STAAIRS — Wq have Buppoaed that the chonJi 
were parallel and horizontaL Bat if thej sag, or are arched, 
the otrains npon the several parta will be slightly tnodiiied. 
For instance, if they sag, the strains in the chords will have 
» downward component. This component may produce an 
additional stress on the verticals. But I think that in no case 
of good workmanship will it be necessary to consider the effect 
of each a stress. 

MULTIPLE SYSTEMS. 

137. — HA.irpT>s LATTiOB, is of the form of a multiple 
panel system, as diown in Fig. 93. It is a wooden stmctare in 
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which one-half the pieces are vertical and serve as ties, and the 
other half are inclined at an angle of about 45 degrees and 
serve as braces. There are no counter-braces. The main 
braces meet in the centre, as shown in the figure. 

For heavy loads on a light structure this would be a weak 
point By securing the main braces at their ends to the verti- 
cals, or to the chords, wonld cause them to act as counter-braces 
when necessary. The inventor siippoaed that one-half the 
pieces should he vertical in order to resist the vertical forces in 
the truss, bat we have seen in the triangular system that this is 
not necessary, and it is questionable whether it possesses as 
much advantage over Towne's Jjattice as was at first supposed. 

Tlie inventor introduced an arch into the system, which makes 
U a compound system. The arch will add very much to the stiff- 
ness of the structure, as well aa to its strength. Without the 
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uch, it may be aiialyzed in the same way as Towne's Lattiue, 
but with the arob it is impoesible to make an exact analysia. 

13S.— HALL'S fcATTicB.— If Hanpt's lattice be inverted 
we shall have the mechanical conditions of Hall's Lattice. The 
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inventor was induced to make it of this form because the ulti- 
mate resistance of wood is greater for tension than for compreft- 
siun, and the oblique pieces are subjected to greater strains 
than the verticals. But as the pieces cannot hold more thaa 
their fastenings, and as it is difficult to secure the ends of 
wooden pieces so as to bring into use their full tensile strength, 
it is doubtful if this is any improvement over other forms of 
Uttiee trusses. 

130. — LATERAi. noBizoNTAL BRACING IB necessary to 
resist the side pressure of the wind and to prevent swaying from 
passing loads. The pressure of the wind is like a uniform load, 
and its amount may be determined with sufticient accuracy by 
multiplying the total side area in square feet wliich is exposed 
to the wind by 40 ; the result will be the pressure in Iba. 



\\ 


/ 


// 


/ 


/ 


,// 


\ 


\\ 


\ 


\ 



The bracing must resist the pressure from both sides, and may be 
like a Howe Truss placed under the roadway or over it, or botb 
under and over, or it may be arranged as indicated in Fig. 95. 
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140. — KNBB BRACES are to hold the side trusses eiect 
against t^e pressure of the wind. The trusses are placed on 
each side of the roadway and the latter is suspended from them. 
When necessary a knee-brace Aj Fig. 96, or a tie-brace jB, of the 
same figure, is introduced. The total pressure of the wind 
being known, and its centre of pressure being at half the depth 
of the truss, and the truss tending to turn about by Fig^ 96, it is 





Fig. 96. 



Fig. 97. 



easy to find the pressure P upon the knee brace at the point 
where the bolt a is inserted. Similarly for the point e on the 
other side. The dimensions of the knee brace may then be found 
on the condition of a beam fixed at one end, and a force P ap- 
plied at the other. The stress on JS will be P sec 0. 

In the case of a deck hridge^ or one in which the whole 
bridge is below the roadway, there will be room to place the 
braces as in Fig. 97. In such cases the braces need not be 
large. 

141. — STABIIiITT OF THE BRIDGE ON ITS SITPPORTS. 

— The bridge may be overturned by the force of the wind, or 
It may be slid off by the same force. If 

A = the area in feet exposed to the wind ; 
B = the width of the bridge on the supports ; 
W = the total weight of the bridge; and 
f = the force of the wind per square foot 
we must have, in order to prevent overturning, 

'Wx^B>iAyi iD. 

f in ordinary cases rarely exceeds 8 or 10 lbs. per square 
foot, but in rare cases it has exceeded 40 lbs. This will be 
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mcflre fully diflcussed in the Part on Eoofa. If the above ine- 
quality does not exist, the bridge should be anchored in some 
suitable wi^. 

li/= the coefficient of friction, we must have, to prevent 

slipping, 

fW>iA 
Values of J^ 

For Oak upon oak ./ = 0. 62 = f nefuly 

Oak upon elm .jT = 0. 38 = i nearly 

Iron upon oak .j^ = 0. 65 = f nearly 

Cast iron upon cast iron. ...j^= 0. 16 = ^ nearly 
Oak upon calcareous stone .^^ = 0. 49 = ^ nearly 
If the above inequality does not exist, the bridge must be 
anchored. 

GRAPHICAL REPRESENTATION OF THE LAW OF STRAINS. 

143, — OONTINVOITS liOADING— TBBTI€AI< 8HBAR1NG 

STRESS. — ^Let a beam A 6> Fig. 98, be loaded uniformly, and 
continuously from one end 

A to some point jB. Let the Vi v, 

beam be considered as a uni- ^ y 

form load throughout. If j b 

we conceive that a truss has A .j i^^PM^ ^^ 2 

indefinitely short bays, so 3k JL 

that if one of the chords be Pio. 98. 

severed it may turn about 

any jpoint, considered as a joint, the case will be essentially the 

same as the one we are considering ; and even when the bays 

have a finite length, the formulas which wo shall develop from 

this case will be sufficiently exact for most cases. 

The chief advantage of assuming that the strains are con- 
tinuous, instead of bfeing concentrated at joints (or nod^) only, 
as in the preceding cases, is that the Imo of change can be 
represented by straight lines, or by continuous curves, as th€ 
case may be, and the results may be more easily discussed. 

Let L ^ AC = distance between the supports ; 
» = AB = the length of live load; 
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w = the weight per foot of length of the beam (dead 

load); 
tr' = the weight per foot of length of the live load ; 
TFj = «^ Z = the weight of the beam or bridge; 
TT, = t^' Z = the total weight of the live load when it 

extends the whole length of the span ; 
TF= W, + TT,; 

F, = the reaction of the support at A ; 
F, = the reaction of the support at G; 
S^ = the shearing stress ; and 
js = (7a = any distance measured from O. 
We readily find that 

r. = iwZ + -J-(Z-i«)a? (163) 

F. = it^Z + ^ (164) 

The vertical shearing stress at any point between C and JB ie 
found by subtracting from the value of F, all the load between 
the end O and the joint considered. 

/. ^, = Fi —wz = i wL + —^ W2 (165) 

Now we desire to show that the shearing at the point a is 
greatest when the load extends from Atoa{orx-{'Z==L) and 
Aa is greater than aO, or a? > 25. 

1st, Suppose that the load is uniform on i?a, and equal to 
w' X J3aj then we readily find that the shearing stress at a is 

w' X Ba (a? + i £a) , . r , w' x^ 

^ — ^ ^ + iwL + —J- - wz, 

which is greater than Eq. (165.) It is also evident that if any 
part of Ba be loaded, the shearing stress at a will be greater 
than if it be wholly unloaded. 

2d, Suppose that the load extends from A to some point to 
the right of a. Then a fractional part of this load, say n-^^ part, 
will be supported at C^ but in obtaining the shearing stress, the 
whole of the load at the right of a must be deducted from the 
reaction of the support at C\ and hence the shearing stress at 
a will be less than if it extended only to a. 
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If the load extends from A\oa^z ^ L — Xy and Eq (165) 
liecomes 

4S;=iwZ+^- t«?(Z-aj) (166) 

3d, Suppose that the live load extends only from a to ^, then 
will the shearing stress at a be 

/S",' = Fi — m» = i wL + -r-^Y {L — xf — wx^ 

which taken from Eq. (166) gives 

8. - /SV = -T i K + 2t/?) (Z ~ 2aj); 

which is zero for a? = i X ; 

Negative for x <^ L\ 
Positive for a? > i X ; hence 

the vertical sJiea/rvng stress at a/ny poi/nt far a wrdform had w 
greatest when the greater segrtherU of the ^an is loadedy and 
the shorter unloaded. 

For this case Eq. (166) becomes 

8. = ^|-|-+ wx-^wL^y (say) (167) 

Equation (167) is the Equation of a parabola, in which y is 
vertical, as shown in Fig. 98. The 
ordinates of the curve BD represent 
the vertical shearing stress at the rear 
end of the live load for uniform live 
and dead loads, the length of the live 

load beinff equal to the length of the *"*••' 

. Fig 98 

span, and moving off from the beam 

towards the left, or moving on to the beam towards the right, 
without shock. The curve through E i^epresents a similar vertical 
shearing stress for a live load moving in the opposite direc- 
tion. 

In truss bridges with parallel chords the diagonals incline 
one way from C to -D, and in the opposite direction from 
A to where the dotted line crosses A O^ and the middle part of 
the line which is included between the two curves represents 
the part of the truss in which diagonals incline both ways. 

For flj = X, y is a maximum = BC = 
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To find where tlie curve crosses the axis of x, make y = in 
Eq. (167) and solve for x. 



(168) 



.■.x = w. = l-l±Jl+^'\^Z 

This value (Xo) is also the point of zero shearing stress. 



2 w ^ w' 
10 w = w' 



a?^ = 0.41 Z or- 2.41 Z 
«o = 0.36 Z or- 1.18 Z 
Xo = 0.29 Z or — 0.46 Z 
aj« = 0.23 Z or — 0.45. 



The negative values do not come within the limits of the 
problem and only have an analytical signification. 

The value of x^ shows how far from each end counter-braces 
are unnecessary, and as the live load rarely exceeds two or three 
times the dead load, it appears that we may safely say in pnuy 
tice that for a distance of 0.3 Z from each end no counter* 
braces are needed. 

The effect of the live and dead loads may be shown separately. 
Thus, in Eq. (167) let 



and 
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2Z 



tox — i wL = — y,, 
the former of which is for the live load, 
and is the Equation of a parabola, as in 
Fig. 99, in which the vertex of the curve 
is at the origin of co-ordinates, at D. The 
latter is for the dead load, and is repre- 
sented by the straight line AB. The 
point E where these lines cross is the point 
of zero shearing. 



143. — oKifKRAi* PROBLEMS. — 1. Find a general expres- 
sion for the point of vertical zero shearing sti*e66, when a beam 
has a uniform dead load and a uniform live load, the live load 
extending from one end to any point of the span. 

2. Find a general relation between the centre of gravity and 
the point of zero shearing stress for a uniform dead load and a 
uniform live load, the latter of which extends from one end 
to any point of the span. 
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8. Show from the preceding when the distance between the 
point of zero shearing and the centre of gravity is a maximum, 
and when it is a minimum. 

A. Suppose that a uniform load, as a train of cars, is headed 
by a single weight P, as a locomotive, and that there is a uni- 
form dead load : required the expression for the shearing stress 
at the point where P is applied as the train moves along, sup- 
posing that all of P is applied at a point. 

144. — STRAINS UPON TBB CHORDS. If WO SUppOSO that 

the chords are liable to break at any point, instead of at a joint, 




Fig. 100. 

we find a very simple expression for the strains upon the 
chords. 
In Fig. 100, 
Let X = AjB ; 

2> = BF- the depth; 
F = i TT = one-half the total load; 
JST = the strain upon the chord at any point ; 
w = the load per foot of length of live and dead loads. 
Taking the origin of moments at £y and we have 

i Wx^itoaf =^ E.D (169) 

^.^^^Wx^ (170) 

which is the equation of a parabola, whose axis is vertical, and 

whose origin is over the middle of 

the span, as shown in Fig. 101. 

The value of iT* is a maximum 

for flj = i Z; for which E = ^^' ^^^' 

WL 
\ -y^. It also diminishes as the depth increases. 




178 TBEATttS OK BBIDGBB. 

PBOB1.BH8. — ^1. What mnflt be the depth of the tnuad sc 
that the 6tre88 in the chords at the middle of the span shall 

equal —ih part of the total live and dead loads % 

2. Find the point where the strain upon the chords equak 
the vertical shearing stress. 

NOTB.— The TBrtical riiftaring stooai muttiiilied I7 the «aflL giree the sfcreei 
iqKm the diagonailfl. 

3. Find the point where the stress upon the diagonals equals 
the stress upon the chords. 

145. — RSL AVION BBTWBBlf THB SKBABIHG STmiSflS AND 

THB 9I09IBNTS OF APPi<iBD FOBCB8. — By differentiating 
Equation (169), we have 

•^^ = i>^-»- .(in) 

the second member of which is the value of the shearing stress 
at any point for a uniform permanent load. Hence, the aJiear- 
ing stress is the first differential coefficient of the moment of 
allied forces (the forces being perpendicular to the axis of the 
beam). 

The reverse is also true, that the moments of applied forces 
may be found by multiplying the expression for the shearing 
stress by the differential of die abscissa and int^rating the 
expression. 



CHAPTER IV. 

WITH CHORDS NOT PARALL3L. 

140* — MvCAMiVvtcn TRUSS. — One of the simplest bridgei 
of this kind is called McCallum's Truss, as shown in Fig. 102. 
Tliis is a view of one-half of the Susquehannah Bridge on the 
New S'ork and Erie Kailroad. The span is nearly 200 feet.* 
The ff^ieral style of this truss is that of the " Howe Type." 
The lower chord is horizontal. The main peculiarity is the 
curvatoje of the upper chord, altliongh the inventor gave due 
consideration to the details of the construction. The long 



braces which pass from tlie abutment and reach over two oi 
three panels are called a/roh-hraces. As the chords are horizon- 
tal at the middle, the strain upon them atthat point will be the 
Bame as for parallel chords throughout, and will be, with snflt 

WL 
cient accuracy, ^ — =- , bat near the ends the stress will be 

greater than for parallel chords, because the depth of the 
truss is leas ; but this is not a disadvantage, for we have found 
in our previou!) investigations that in the latter case the stress is 
mnch less than it is at the middle ; and when the chords are 
made of nniform size throughout this is a decided gain. The 

• AfptamU Maeh. Mag., 185S, p. 78, 
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Btress upon the end braces will be nearly ^ Waeo 0, and hence 
may be the Bame as for trasses with parallel chords. The stress 
upon the diagonals and verticals, excepting those which are neai 
the middle, will generally be somewhat less than upon those in 
trusses having paxallel chords, for the upper chord in a measure 
acts as a brace. 

This truss is not necessarily any stronger than a Howe Trose 
of the same span and depth, but it is stiff er. 

PABABOLIC ARCHED TBUSa 

147. — NOTATION. — ^This truss has a horizontal lower tie 
(chord), and a polygonal upper chord, the vertices of the poly- 
gon being in the arc of a parabola, the vertex of the parabola 
being over the middle of the span, and the curve passing 
through the ends of the span. The trussing may be quad- 
rangular or triangular. 




In Fig. 103, 

Let ir= the number of bays in the span ; 

n = the number of a bay counting from one 

end; 
c^ = the compression on the n-th bay of the 

upper chord ; 
t^ = the tension on the n^th bay of the lower 

chord; 
J^= the stress on a diagonal ; 
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I^l = the stress on a vertical ; 
i «= the inclination of the arch to the horizon- 
tal; 
= the inclination of a diagonal to the verti- 
cal;. 
D = the distance of the vertex of the parabola 
from the horizontal tie ; 
h = the depth of the truss at any point ; 
I = the length of a bay ; 
jp = one of the equal weights placed at the 

joints; and 
V = the reaction of the support at jff . 

Let the origin of co-ordinates be taken at Hie vertex of tfia 
curve, X horizontal, and y vertical, and 

oj' = <:? ir, y' = Ke, 
oi' ^dL,y" = Z&,and 
2^, = the parameter of the parabola. 
The general equation of the curve is aj' = 2^^ y, and for the 

point B this becomes J iP ? = 2^, i? /. 2j[>, = -^X- and 

the equation of the curve becomes 

Counting from -S, we have B 1 the first bay ; 1-2, the 
second^ and so on to 2-3, which call the n-th. Then 

aj' = (^ iT — n) Z, and 
oi' = i^N-n + 1)Z, which 

values in Eq. (172) give 

y' = ^(ir-2 7i)«,and 

y^'= ^(ir-2n-h2)« 

For the diagonals which incline to the right, as ^ 3, we havs 
, . 3—2 I I 

h [iV^.-(iV^-2n + 2)'] ^^^^' 
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For the diagonal o 2 we have 

tomgi^y'll^ = i^(ir-2n + 1) (176) 

As in trusses with parallel chords, the diagonals may be 
either ties or braces. They are usually ties, and we will treat 
them as sach in the analysis. 

148. — CASK OF VNIFOBSE i<OAi». — Sujfpose that equal 
V)eigJU8 wre placed at the joints 1, % 3, etc.^ throughout. 

Then F=i(ir-l)j>. 

If the bay 3-2 be severed, the truss will apparently turn 
about the joint h. Take h as the origin of moments. The load 
between B and the n-th bay will be (n — 1) j>, and its lever arm 
will be (i n — 1) Z, and the lever arm of F will be (/i — 1) Z ; 
and the lever arm of t^ will he h =^ D -- j/\ 

.\ t^h= r{n - 1) Z - (n - l)j? (i n - 1) i 

Hence the stress on the lower chord is uniform throughout 
for a uniform load. 

The same result follows if the load be upon the joints of the 
upper chord. 

The same result also follows if o be taken as the origin of 
moments. 

Hence it is evident that the same result follows if the diago- 
nals are braces instead of ties. 

Tojmd the stress upon the diagonal tmbs/ot equal toeights 
placed at aU the lov)er Joints. 

It is evident that the horizontal component of the compres- 
sion on the upper chord minus the horizontal component of 
tension of the diagonal (tie, b 3) must equal the tension on the 
horizontal tie £A. 

I N* 
/. Cn cos i — Fsin z=: tn= ofTjP (^'^^ 

o JJ 
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The sum of the vertical components oi tlie same strains equals 
the vertical shearing stress, or 

r„ dni + Fcos 6= V -Sp = i {JfT - 2 n + 1)^.. . .(178) 

Eliminating c^ between Equations (177) and (178), and we have 

i (iT- 2 n + 1) - ^ tanff 

Fco8 e = — ^-^^.: -i>. 

1 + tang 6 tang % 

Substitute in the second member of this Equation the values 
of tar^ and tang iy Equations (173) and (175), and reducing 
gives 

FC08 =zO, 

hence, there vnU be no stress on the diagonal ties for eqtud 
weights placed at all the joints of the lower chord. 

The same result is true if the diagonals are braces. 

It is also evident th^ there will be no stress on the diagonals 
for equal weights on all the joints of the upper chord. 

It also becomes evident that for equal weights on all the 
joints of the lower, the stress on the verticals is equal to^. 

It is also evident that for equal weights on all the joints of the 
upper chord that there will be no stress on either the diagonals 
or the verticals ; and in such a case their only office will be to 
support the lower chord. 

Making J^= in Eq. (177) and we have 

c^oosi = tn (179) 

or the horizontal component of stress on the upper chord equals 
the stress on the lower chord ; and hence it is least at the 
middle and greatest at the ends. 

149. — CASB OF A PARTI All VNiFORH i<OAi». — Calling 3-3 
the ^irth bav, as before, let the Joad extend from 3 to ^| and b9, 
removed from 2 to -S. 

We shall have 



rr_ iN-n)(J!r-n +l) 



TW ^ \ 



^ ~i?-y" 4i?(ir-«+l) 
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c^cosi^ Fmi0 = tn ] ^^^^^ 

14- tcmg tcmgi 

Substitating tang Eq. (173), and tang i Eq. (175), and we 
have 

. „_ (JT- n + 1) (n - 1) ^ 

••-^ 2if i;r5 ^^^^^ 

which vnll he the %i/re%% on the tie over the n-^^ bay, n inay 
have all valaes from n = 2 to 7i = ir— 1, and hence the 
expression never becomes negative. It "VJijll be necessary, there- 
fore, in order to provide for loads moving in opposite directions^ 
to have diagonals incline both ways in all the panels except the 
end ones. 

If we make n — 1 = n^, the preceding Equation becomes 

A.+ 1 2-y- . ^^ (183) 

which is a more simple expression, and gives the stress on the 
tie over the (n^ — 1)*^ bay. n^ may have all values from n^ = 
8 to n, = iV^ 

The stress an the {n — 1)*' vertical wiUhe 

F^ JE^^ipt^f as*.) 

It is unnecessary to consider the stress on the upper and 
lower chords for this case, as it is evident that it will be greatest 
on those members when all the jeints are loaded. 

ISO. — OASB OF NAGONAL BBAOBS._it eyidently makes some 
difference whether the diagonals are hraoes or tie% when the truss is partiaUy 
loaded. Thos, when the joints 3, 4, 5, etc., to 7, only are loaded, Fig. 103, if 
the diagonals are ties, the member b 3 will be the active one, but if the diag- 
onals are bmcea^ e 2 wiU be the active member for the same load. 
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When thediofftmakare braeeiy we ma/yfind that the strese on the braeeoeerthi 
tL'th bay %B 

(JT— n) n p 



F== „ 

2Jf eaea 

in which n may have all yalaes from n = 2ton=sJV— 1 



(185) 



Example.— Let Jr= 8, D = 2t 

The Talne of 9 found from Eq. (174), for each particular brace, and suhati* 
tuted in Eq. (185), gives the following results : — 



Now of tii6 brace, 
or, n&= 



dorM 
8 or 02 
4 or (23 
6 or 04 
6or/5 
7or^ 



Inclination of the 

braces, or 

• Bq.(i74>. 



83'^ 41' 
28^* 4' 
26° 84' 
28'' 4' 
83M1' 
48" 48' 



Valnesof 
co»$. 



0.6587 
0.8824 
0.8944 
0.8824 
0.8821 
0.6587 



Streeson the brace onrar 
the n^th bay or F, 



Bq 



t Day or 

. (185). 



0.9018j> 
1.0624P 
1.1182p 
1.0624p 
0.9018j> 
0.6641p 



We see here that the diagonals equally distant from the centre are equally 
strained ; and hence, the maximum stress on diagonal braces in any panel wiO 
be nearly the same whether the longer or shorter segment is loaded. A close 
mspection of the figfure, in connection with results as found from the solution 
of an example, will show that they will not be exactly the same. 

The strains on yerticals, Fi =r ^ — - p, for a partial imiform load will 

be less than p when iV = or < 8, in which case tiie strains on the verticals will 
be greatest for the load which rests directly upon them. For If>S the 
strains due to a partial uniform load will exceed j>, on those near the centre. 

1 S 1 • — TRIANGULAR TRUSSING — PARABOLIC ARCHER* 

TRUSS. — Let the span, Fig. 104, be divided into equal bays, and where verti 
oals through the middle of the bays meet the parabolic arc, vrill be the vertloof 




Fio. 104. 

of the triangles which form the trussing. The parts between the vertices ol 
the triangles are straight, and form the polygonal upper chord. 
It may be shown in this case that when aJl the joints of the upper chord are 
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loaded, there wiU be no streas on the triangnlar troaring, and henoe thexe will 
be no orosB Btrains on the arch. 

AIbo that when all the joints of the lower chord are loaded, the tmasing simply 
transmits the load to the upper chord, and henoe the atraina on the diagonal 
tmssing will heipseoO nearly (not exactly, because the tie-bracea on each aide 
of the load are not equally inclined). 

For a ease of partial load^ auppoee that each of the joints of the lower 

chord, except H^ are loaded with a weight p. The bay at G we will call the 

f»-th. We then have for the tie-brace EHy which may be oaUed the second 

one of the n-th pair of tie-braces, the following yalues.* 

4D 
Inclination of i^jff to the horizontal = tangi=: -j^. (if — 2 n— 2) 

Indination of J^^to the Tertioal = tang B = g 7> ri^* r jyL ^ n ^- n 1* 

Reaction of the support at B, 



(iV->-n)(iV'~n-f 1) ^ 



Streasoniy^--P'- ^-^ _ |^-_____ j 



-^(IM) 
eo9$ ^ ' 



Pabtial Load ok thb TTppeb Chobd. — ^If each of the joints from D to 
A are loaded with a weight j>, we may readily find that the streas on i^iT is 

iN^n)'^ V 4n«-l H p 

nnd the same form of expression is true for Dff, but the eoaOiB not the same 
}or the two tie-braces. 
This expression may be put under the form 



F = 



[ {N'^n)n (jr-n)(JV--2n) 1 
2 Jf 4 (i\r-«)n- 1 J 



dew0 



■n examination of which shows that the tie-braces are strained more when 
the short segment is loaded than when the long one is loaded. 

15$t. — STRAINS ON THB VPPSIft CHORD — FOUNH BY 

HOMBNTs. — The strains on the upper chord may be found by 
solving Equations (180), observing to have the proper value 
in the second member of the first of those equations for the 
particular case. It is correct now for a certain partial load ; 
but if the load extends throughout, whether uniform or not, 
the Equation becomes 

* See Jawr. Frank. Ifut,. YoL XLYII., 8d Series, 1864, p. 22a 
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Bat it ifl generally preferable to find the value of <?« directly 
bj moments. Thus, in Fig. 103, to find the stress on cby if that 
bay be severed, and the diagonals are ties, the truss would fail 
by turning about the joint 3. Take 3 as the origin of moments, 
and let fall a perpendicular from 3 on to {^, and call its length 
hf = h cos i (h being the depth o 3). Then, by the principle 
of moments, we have 

o„ X A' = r X jB3 -p, X (3 - 1) -i). X (3 -2) 
in which ^j is the load at 1, and j>, the load at 2. 

193. — A GBNBRAIi PROBUSHI. — ^RsQTTIBED THB FOBBC OF 
THE UPPER OHOBD SO THAT THB STRAINS OK FT SHALL BE TJNIFOEM 
THROUGHOUT POR A UNIFORM LOAD EXTENDINa OVER THE SPAN. 

We have seen, when the chords are horizontal, that the great- 
est stress is at the middle of the span, and when the lower 
chord is horizontal and the upper chord is a parabolic arch that 
the strains are greatest near the ends. May there not be some 
form such that the strains shall be uniform throughout ? * 
TiCt L = AB = the length of the span ; 

d = OP = the lever arm of the stress on any bay of 

the upper chord ; 
d^ = CE = the value of d at the centre ; 
N = the number of bays in the span ; 
I = the length of each bay. 




Fig. 105. 



n = the number of the bay counting from either end ; 
m = ^.he number of the central bay (iilTif iTis even); 
= the compression on the upper chord ; 
p = the load at each joint. 

** 861iiti<m by Moments," \sj W. 0. MTilUtB, duos of 1870, Uriin. of MM. 
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Let the bay GH be sevei'ed, — ^take the origin of momentB al 
O^ and we have 

^\\N -ri)npV 
For the middle of the span, this Equation becomes 

(X?j = J (iT— m) mp I 
Eliminating c and solving gives 

^ = S^ItS (i«^ 

Assume If^ d^y and Z ; hence I becomes known. Find the. 
mccessive values of d in Eq. (187). Then construct the poly- 
gon as follows. Divide the span AB^ Fig. 105, into parts each 
equal to I. Begin at the middle O, and erect a perpendicular 
equal to d^. Jjet the diagonals be braces ; then will ^iTbe in 
action and ^^will be parallel to AB. Erect the vertical ITJF] 
and draw JP'O. With (? as a centre, and a radius OP equal to 
the computed value of d (which in this case is for n = 4: Eq. 
(187,) describe an arc GP ; and through I^ draw a tangent to 
said arc, and limit it by a vertical through O. Draw the brace 
GB and proceed as before to I. The stress on IB may not be 
the same as from I\g E. 

In this case the strains on the lower chord will be greater 
near the ends than at the middle. Query. — Can the parts be 
so arranged that the strains on upper and lower chords shall 
both be uniform throughout ? Can this be done when one is 
horizrntal % 

1S4:. — BOTH CHORDS cuBTBD. — ^If both chords are cuTVod 
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upwards, as in Fig. 106| we may find the stresses apon the 
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chords by the principle of moments ; thus, the stress on the 
bay od may be found by taking the origin of moments at a. 
Draw (WL perpendicular to the direction of dc^ and we have 

{aa being the horizontal distance of a from F, and Sjpx a gene- 
ral expression for the moment of all the load between a and JB). 
In a similar way find the stress on ab = Cn> Then in Equation 
(181) substitute F — 5 J> if necessary for F. After this 
change is made Equation (181) will give the stress on the diago- 
nals, by substituting the proper values for and i. 

In this way almost any simple truss may be solved, but it la 
lot easy to give general formulas which will facilitate the 



CHAPTEK V. 

COMPOUND STRUCTURES. 

ISS. — RBBEARK. — ^Bj a compound stmcture I mean die 
^mbination of two or more simple structures. The Bolliiian 
Truss, as usually made, Figs. 47 and 48, is a compound struc- 
ture. Themainsjstem isa suecessionof king-posts,butthesecond- 
ary system is a panel structure. The more common compound 
systems are made by combining a simple arch with some form of 
trussing. The compound systems do not admit of as thorough 
and exact analysis as the simple systems, for they act on differ- 
ent principles, and it is impossible to tell just how much each 
sustains. The more noted ones are wooden structures, and 
as the material yields in one system it throws the strain upon 
the other, and thus there is a constant tendency to equilibrium. 
Such systems are usually made excessively strong, so that one acts 
as a safeguard to the other. The wooden structures that have 
been made on this plan are doubtless much stiff &r than if all the 
material were put into either of the simple systems. As the arcb 
plays an important part in these structures, I will here briefly 
state that if the arch is so made or held that it will not distort, 
we may find the crushing force at the crown by the formula, 

^=^ w 
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in which L = the span = 2 AB\ 

D = the versedHsine = CB ; 
W = the load on the span ; and 
H = the thrust at the crown. 
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This formula is only true if the arch receives its thrust at the 
abutment, but if it is supported at its ends it becomes simply 
a curved beam, and there will be both tension and compression 
at C. As these arches are usually very flat, the compression at 
the ends will rarely exgeed more than 10 per cent, above that at 
the crown. 

• 

1 <S6. — BVBB TRUSS. — The Burr Truss, Fig. 108, is a wooden 
structure and was in very common use in some parts of the 
ooontiy not many years since. The arrangement is so evident 
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from the figure that a special description is deemed unnecessary. 
It appears that the arch was relied upon to resist the strains 
which would, in the panel system, fall upon the counter-braces. 

157* — SBCONB EXAMPiiE. — ^Fig. 109 is another example 
of a compound structure which is composed of a Howe Truss 
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and a Bimple arch. It is evident from the remarks pi'eviotiBlj 
made, that there is an nnnecessary number of counter-braceF. 
The arch is usually secured to the truss by bolts, where the 
members cross each other. 

158. — THiBB EXAMPiiS, — ^Fig. llO is another example 
of a compound structure. In this the truss is, in a measure, sus- 
pended from the arch by suspension rods. There are no coun- 
ter-braces. Instead of counter-braces in the panels, there are 
iron ties, which incline the same way as the braces, and henoe 
serve as counter-braces when necessary. It is very doubtful if 




Fig. lia 

any are needed near the ends. When either end half of the 
arch is loaded the other half tends to thrust upward, which ten- 
dency should be resisted by the truss ; hence the necessity of 
counter-braces, or counter-ties near the middle; but near tlie 
ends the weight of the truss and arch would probably be suffi- 
cient to overcome any such tendency. On this point see the dis- 
cussion on counter-braces. 

Numerous other forms might be given, but these will answer 
to illustrate the topic. 

To analyze these structures, ascertain the load which the arch 
will carry, and then the load which the truss will carry, and add 
the results. Tke margin of safety for both combined should 
considerably exceed that which would be allowed if either, act- 
ing separately, carried the whole load, for reasons previously 
given. 
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Itl0« — A iftooF, in common language, is the ooTering over a 
Btkactnre, the chief object of which is to protect the building 
agtunst the efPects of snow and rain. It is composed of boardsi 
shivigleSy slate, mastic, or other suitable materials. 




Fig. 111. 

The inclined pieces AG^ and BC^ Fig. Ill, which support 
the roof are called raftbrs. When the roof is light, the roof 
boards DE are placed directly upon the rafters, but when the 
rafters are far apart, say more than four feet, small pieces a, 
J, (?, and rf, called pubi-inks,* are placed across the rafters for 
the purpose of receiving the roof proper. AB is a tie, and F 
and O represent the ends of posts. The frame ABC is called 
%^TooftruBS. 

160. — ROOF TRVSSBS havc a great variety of forms, and 

# differ greatly in the details of their construction. All the 

trusses which have been discussed in the preceding pages are 

* Parline 'beam» are aometimes placed under the raften. 



191 



TKBATISB ON BOOFB, 



suitable for this purpose in many cases. Some other forms are 
given in the following pages. 

161* — GENBBAii BATA, — ^A roof truss is required to carrj 
its own wei^t, the weight of the purlines, the weight of the 
roof above them, the force of the wind, the weight of snow 
when there is any, and in some cases certain local or concen- 
trated loads, such as floors, machinery, and the like, which are 
suspended from the roof trusses. 

16S. — ^DBSOBIPTION OF TKB BOOF OTBB XMB I.ABGB 
BAI.I. OF TBUB VNITSBSITT OF BEIOBIOAN. — ^Thc rOof OVer 

the large hall of the University of Michigan contains 0ome 
novel features, and in some respects is a bold design. The out- 
line and arrangement of the parts, including the dome, were 
designed by the architect,* but the details of the large trusses 
were arranged and proportioned by the author,* and erected 
under his superintendence ; hence they possess a peculiar inter- 
est to him. It is here presented as a practical problem. 

The frontispiece shows a vertical section from east to west 
of the dome and roof, through the centre of the dome, except- 
ing that the truss is shown as if it was between the eye and the 
dome. The west end apparently rests directly upon the col- 
umns which support the roof, but in reality nearly the whole 
dome rests upon the trusses. A skeleton of the elevation and 
plan of the truss is shown in Fig. 112, and a plan of the roof in 
Fig. 113. These Figs, are not drawn to the same scale. 



Elevation 




J*lan 




Pio. 112. 



* The New XJniyendty Hall was dengned \ff Mr. R S. Jeaaiatm^ a atadenk ol 
the author, olaas of 18G8, Umo, of Mick. 
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The width fl?y, Fig. 118, over which the trusses are placed, is 
80 feet, and the length vry is 128 feet 10 inches. There are two 
trusses, each like that shown in Fig. 112, placed across the 
space, one at AB^ and the other at A'B\ the distance between 
them from centre to centre, being 34 feet Side troflaes, of the 
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Fig. 118. 

King-Post style, extend from the main trusses to the end walls^ 
and are marked C, (7, C, in Fig. 118. These are for carrying 
that portion of the roof which is between the main trusses and 
the end walls. Trusses of a similar style O'^ 0\ 0\ were 
placed between the main truasea. 
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The dome is built around and secured in place by eight long 
posts, twelve inches square, made of joists which are two inches 
thick by twelve inches wide, breaking joints, and firmly bolted 
together. The lower ends of these posts rest upon and are 
secured to trusses at P, P, P, Fig. 113. Four of these are 
secured directly to the main trusses, and the other four to cross 
trusses. The ci-oss truss under the right hand (or east) side of 
the dome is 33 feet from the west end of the main truss. The 
posts all meet each other at a common point near the upper 
end of the dome, as shown in the frontispiece, and are firmly 
secured to each other ; hence, they may be considered as form- 
ing the edges of a regular octagonal pyramid. The height of 
the dome above the lower side of the main trusses is seventy 
feet, and the base covers about 60 feet square on the main roof. 

Purlines, which were two inches thick by twelve inches deep, 
were placed upon the cross (or side) trusses (7, C^ 0", G\ and the 
whole was covered with a continuous flat roof, having a pitch of 
one-half of an inch to the foot, thus forming a large base — 120 
by 128 feet, including the roof in tlie rear of the main hall 
— ^for resisting the force of the wind on the dome. All the 
trusses — the main and cross trusses — extend downward into the 
roof, and were made use of for dividing the ceiling itito panels. 
The panels were over four feet deep and extended from the 
walls to the main truss on the sides, and from one main truss to 
the other in the middle, the panels under the main trusses 
crossing the others at right angles. The position of d^ Fig. 113, 
was determined by the size of the base of the dome. The side 
truss at h is midway between A and rf, and those at f and h 
divide the space dB into three equal parts. 

The main rafters AC and CB^ Fig. 112, are solid pieces 
of pine, fourteen inches wide and sixteen inches deep. The 
upper part of the rafter GB is above the roof and cased in. 
The truss A OB is called the pbimab y truss. The rafters 
of the SBOONBARY TRUSS are formed of several pieces, each 
one of which extends between two consecutive joints, — as Aj^jk^ 
Hy rrm^ etc. These are bolted to the main rafters. The pieces 
yj, Tc<iy IDy Dm^ etc., are braces of the secondary truss. 

The tie AB is common both to the main and scccndary 
trusses. It is composed of flat bars (or links) of iron, of uniform 
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thickneBS and of different depths^ depending npon the amount 
of stress to which they are subjected. They are enlarged at the 
end, and have an eye for receiving a pin, as 

shown in Fig. 113a. Four of these are ^ ^ >v 

placed side by side, and arranged as shown ( ^ ^ •' 

in the plan in Fig. 112. Cast-iron blocks pj^^ ^^s^^ 

rest against the pins for receiving the end 
of the braces of the secondary trasses. At each end of 
the trusses at A and jS is a large cast-iron block, which 
weighs 680 lbs. These are for receiving the pressure of 
the main and secondary rafters. The bars of the main tie 
pass through two slots in these pieces, and are secured on the 
outside of the blocks by a large pin 3J inches in diameter. 

The vertical members a;, ikj etc., are iron ties, the lower ends 
of which pass through holes in a cast-iron block, Fig. 114a, and 
secured by nuts on the under side. This block is placed below 
the large tie. The upper ends are secured in a similai' way. 
In some cases there are two and in other cases 
three ties, which are represented in Fig. 112 by 
a single line, the number and position of which 
will be given hereafter. As a general thing, one 
or two rods, as the case might be, was used for supporting the 
load which was placed at a joint, and the other rod at that joint 
was used for supporting the transmitted pressures, although 
this was not always the case. The conditions will be fully 
diown in the following analysis. 

163, ^THBS liOAD OH THBS FI<AT PART OF THB ROOF.^ 

It is not supposed that all the data which are given below are 
applicable to all cases, or even that there are no questions in 
regard to their correctness. They are presented as they were 
used at the time, and are open for discussion. It was 
intended, however, to be on the safe side in all cases, and it is 
advisable, in a case like this, where the ceiling is secured 
directly to the roof, and the roof acted upon by a large dome 
under the varying pressures of the wind, to be largely on the 
safe side, so as to avoid as far as possible breaks and cracks in 
the ceilinj^. 
1 supposed that the several loads wei*e reduced to an 
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equivalent load of pine uniformly diBtributed over the whole 
nx)f. 

Inches thick 
of piiie. 

Felt and mastic roof = 1 . 60* 

Koof boards = 1 . 00 

Eoof joists (2'' X 12'', - 16" apart) = 1 .50 

Lath joists (2" x 6<\ - 16" apart) = 0.75 

Panel-work in the ceiling = 0.75 

Side truss, tie-rods, etc = 2.00 

Plaster, including panels, cornices, etc = 3.00 

Weight of snow and pressure of the wind = 6 .00 

Total 16.50 

The weight of tour specimens of pine, taken at random, were, 

1st specimen 32 lbs. per cubic foot. 
2d specimen 40 lbs. per cubic foot. 
3d specimen 30 lbs. per cubic foot. 
4th specimen 45 lbs. per cubic foot. 

Total 147 lbs. 

Average 37 lbs. per cubic foot. 

Two of the specimens appeared to be quite thoroughly 
seasoned, and the other two only partially so. I assumed 37 lbs. 
as the weight per cubic foot of the material, which must have 
been on the safe side. This gives, according to the preceding 
data (16i x 37 -r- 12 =), 54 lbs. (nearly) for the load upon a 
square foot of the roof. 

Francis, in his book on " Iron Columns," p. 19, says that 
flat roofs loaded with snow are liable to weigh 50 lbs. per 
square foot ; and Trautwine, in his " Engineer's Pocket-Book," 
p. 301, says, that when the roof is plastered below, the weight 
may be 46 lbs. per square foot, including the weight of tlie 
snow and pressure of the wind. As these authors could not have 
had in mind such heavy panel-work in the ceiling as exists in 

* This was the estimate of the roofer, but I now think it should haye been 
2^ to 3 inches. Within two years after the erection of the bnilding, the mastic 
was removed, and the roof was coyered with tin. 
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this case, and as I wished to keep decidedly on the safe side^ 
I adhered to the above result of 54 lbs. 

This gives for the weight of the roof, including snow, etc., 
and excluding the weight of the dome, and the space occupied 
by the dome, 600,000 lbs., and for the weight when the 
timber is thoroughly seasoned (called 28 lbs. per cubic foot) and 
exclusive of the weight of the snow, 193,000 lbs. 

The weight of snow and the pressure of wind are deserving 
of special notice. 

164* — TBB HTBioHT OF SNOIT. — ^Freshly fallen snow 
weighs from five to twelve lbs. per cubic foot, although 
snow which is saturated with water weighs much more. Very 
wet snow rarely falls to a very great depth, especially in the 
southern part of Michigan. Some say that snow is equivalent 
to from 1^ to ^ of its depth in water, while others say that it 
may be equivalent to i its depth of water. 

European engineers consider that six lbs. per square foot 
is suflScient for snow, and eight lbs. for the pressure of the 
wind, making fourteen lbs. fgr both. Trautwine says 
that not less than twenty lbs. should be allowed in the 
United States. 

As the roof in the case which we are considering is flat, a 
large quantity of snow may rest upon it, but the pressure of 
the wind upon it will probably be small. 

Snow in the vicinity of Ann Arbor is rarely three feet deep 
on the ground, but because it is sometimes that depth, or of an 
equivalent depth of heavy snow, the load due to its weight 
must be provided for. Calling the snow equivalent to 3i 
inches deep of water, and we find that it equals 6 inches nearly 
of partly seasoned pine — which is 18^ lbs. per square foot 
— a value somewhat under that assumed by Mr. Trautwine, 
but which I consider quite large enough in this case. Before 
BO much snow can fall upon the roof, all the timbers in it will 
be lisrhter from seasoning than that assumed above, so that the 
entire roof will be lighter than that which we have assumed. 

165. — THB FORCB OF THB wiNB. — The prcssurc of the 
wind upon the dome is of special importance in considering its 
stability and in proportioning the trusses. According to Mr, 
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Smeaton, the pressure of the wind directly against a flat surface 
in a hurricane may be 32 lbs. per square foot Tredgold 
recommends the use of 40 lbs. per square foot A gauge in 
Girard College broke under a strain of 42 lbs. per square foot, 
whilst a tornado was passing near by. During the sevei*est 
gale on record at Liverpool, England, there was a pressure 
of 42 lbs. per square foot directly upon a flat surface. 
During a very violent gale in Scotland, a wind-gauge once indi- 
cated 45 lbs. per square foot Buildings which are more or 
less protected will not be subjected to such pressures. 

Although there are high winds at Ann Arbor, yet no such 
gales as those mentioned above have ever been known there ; 
at least I judge so from the fact that colnparatively little 
damage has been done by high winds. But if such winds do 
occur it will be safe to assume less than 40 lbs. per square foot 
on account of the oval shape of the dome ; — and also because 
materials will sustain a high strain for a short time without 
apparent damage. If, therefore, we should proportion the 
parts for 25 lbs. pressure, they would doubtless sustain 50 lbs. 
without damaging them ; and to avoid much deflection in the 
trusses in case of a strong wind it is not advisable to use a 
smaller value. I therefore used 25 lbs. per square foot upon 
a meridian section of the dome. 

The cylindrical part of the base of the dome is about 34 feet 
in diameter, and the total height above the angle of the truss is 
about 55 feet. To get the force of the wind I called the 
average diameter 22 feet, and 60 feet high. This gives a pres- 
sure of 33,000 lbs. 

The centre of pressure is about 30 or 32 feet above the fast- 
enings of the lower ends of the posts of the dome, and hence 
the pressure on the feet of the posts due to the pressure of the 
wind will nearly equal the pressure of the wind upon the sur- 
face of the dome. The wind may blow from any direction. 
When it is directly in the north or south it will tend to throw 
the dome directly upon one or the other of the large trusses, 
and I assumed that each of the two posts which rest on the 
truss would carry 15,000 lbs. due to the pressure of the wind ; 
and when the wind is in the east or west it may cause the same 
pressure on the posts on the opposite sida 
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But to be completely on the safe side in proportioning the 
main trusseB, I assamed that, when the wind is in the north- 
west, or south-west, the whole of the 30,000 lbs. would be thrown 
directly upon the angle of the large truss. This being done, it 
is unnecessary to consider the transmitted strain of 15,000 lbs. 
which is thrown upon the other points when the wind is in other 
directions, as will be noticed in the analysis. 

169«— -"^^^^Kic^nnr of thb domjb. — ^As it was difficult to 
determine the exact weight of the dome from the drawings, I 
made a rough estimate of it by assuming that it was equiva* 
lent to a hollow cylinder whose mean diameter was 24 feet, 
height 80 feet, and whose thickness was six inches of solid pine. 
This gave a weight of 112,000 lbs. The architect computed 
from a bill of materials that it would weigh 96,000 lbs., but I 
do not know what he used for the weight of pine. A review 
since its erection gave 107,000 lbs., at 37 lbs. per cubic foot. 

There were eight supports, as before described, each of which 
I assumed would sustain one-eighth of the load, or 14,000 lbs. 
each. In reality these posts did not sustain this amount, for a 
large portion of the dome rested directly upon the large trusses, 
but the computation would be essentially the same, excepting 
that in the latter case it would make the strain upon some of 
the vertical tie-rods less than that found by the following com- 
putation. 

167. — nr SIGHT OF THB MAIN TR178SKS* — Fromthc bill of 
materials I found that the large trusses would weigh 17,800 lbs. 
each ; and hence at each of the joints a, &, e, etc.. Fig. 112, the 
weight will be 1,780 lbs., assuming that the load is uniformly 
distributed and that each joint carries one-tenth of it 

168. — ^WKIGHT OF CROSS TRUSS. — There was a truss be- 
tween the two large trusses at 2?, to keep them erect, the weight 
of which is 3,600 lbs., or 1,800 lbs. on each truss. 

160. — RBSViiTS COLLECTED. — ^At a, Fig. 112, the load is 
.Tfne eighth of the weight of the dome, or 14,000 lbs. ; the pres- 
sure due to the wind, or 15,000 Ihs,; phis one-tenth of the 
weight of the truss, or 1,800 lbs. 
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At b the load is one-half the weight on the side truss due to 
the weight of the roof, or 11,780 lbs. ; j>Iim that due to the 
weight of the snow, or 6,150 lbs. ; j)lu8 one-tenth of the weight of 
the large truss, or 1,800 lbs. ; which together equals 19,730 lbs. 

At D the load is one-half the load on one side truss, jplv>8 
one-half that on the cross truss (7' (which supports one-half the 
load between (7 d and Cf), or 12,690 lbs. ; jpltis the load due to 
snow, or 7,880 lbs. ; jpltcs one-tenth of the weight of the truss, 
or 1,800 lbs. ; jplua one-eighth of the weight of the dome, or 
14,000 lbs. ; 2>ltc8 the pressure due to the wind, or 30,000 lbs. ; 
plu8 one-half the weight of the cross truss, or 1,800 lbs. 

Similarly, we find the loads on e^f, g^ etc. These results are 
brought together in the following tabular form : — 

Weights in lbs. due to the aederal loads on the several joints. 
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14,000 

16,000 


D 


€ 


/ 


g 


h 


1 


Support A 


Root... 

Snow 


1,800 
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11,780 
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Totals 


80,800 


19,780 


80,800 


68,170 


1,800 


39,700 


1,800 


29,700 
900 




126^000 




80,600 





The load at i being small, the brace hq was omitted, and in 
the analysis the load at h was called 29,700 4- 900 = 30,600 lbs. 

The load on the support at A was used for determining the 
dimensions of the column which supported one end of the 
main tiniss. 

170. — ANALYSIS. — We ha^e the following dimensions: — 
AB = 80 feet ; 
CD = 16 feet; 

Bi = 7 feet 10 inches = ih = hg = gf=fe = cD ; 
a A = 8 feet ; 

ab = S feet 6 inches = bo = cD ; 
AD = 33 feet, and 
DJS = 47 feet 
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By means of these quantities we can find the lengths of the 
•.erticals and of the inclined braces, and the angles which thej 
make with each other. In regard to the latter a practical difli- 
culty presents itself. For the timbers having finite dimensions 
it is found practically impossible to put them in place and give 
them the proper bearing, and at the same time secure the same 
inclination that we would have if the parts were reduced tc 
mathematical lines. 

In this case, if the centre lines of the main rafters A G and 
BC are prolonged, they will meet the line of the main tie 
several feet outside of the points of support, and the question 
arises whether we shall use the angles as they exist in the struc- 
ture, or rely upon the dimensions above given. Neither will 
be exactly correct, but it will be nearer correct to use the for- 
mer than the latter. I have therefore determined the several 
angles of inclination with the vertical from a scale drawing, and 
used the secants and tangents to the nearest tenth. 

If the load at a is 30,800 lbs., see Article 169, we may 
assume that it is supported by the secondary truss Ajh^ and 
hence, according to Article 46, we have 

stress on aj = 30,800 lbs. ; 

stress onAJ = i of 30,800 lbs. x seo ajA ; 

stress on bj = i of 30,800 lbs. x sec ajb ; 

stress onAb = i of 30,800 lbs. x tang ajb. 

The vertical pressure at ^ is ^ of 30,800 lbs., plus the load 
placed at J, or 19,730 lbs. ; hence the total vertical pressure at 
b is 35,130 lbs. We may assume that this is carried by the 
secondary king-post truss Akc ; and hence we have 

stress on bh = 35,130 lbs. ; 
stress on Ah = i of 35,130 lbs. x sec ATcb / 
stress on ck = | of 35,130 lbs. x sec^ bkc / 
stress on Ac = -J of 35,130 lbs. x tang bkA/ or 
stress on Ac = f of 35,130 lbs. x tang bkc. 

Similarly, the vertical pressure at c is f of 35,130 lbs. plus 
the load, 30,800 lbs. at c ; hence, the total load is 54,220 lbs. 
This is supported by the secondary truss AW. Hence, we 
nave 



2M 



TREATISE OK BOOFB* 



stress end = 64,220 lbs. ; 

stress onAl = J of 54,220 Ihs. x sec dA / 

stress onDl = f of 54,220 Jhs. x sec dD ; 

stress an AD = f of 54,220 lbs. x tang dD. 
Honce the reaction at D of the truss AID is f of 54,22 5 lbs 
:= 40,665 lbs. This may be proved by finding the reaction 
directly, thus : — 

Stress a^ 2> = ^ of the load at a n- f that at & -f 

f that at (? ; or 
= i of 30,800 lbs. -f f of 19,730 lbs, 

+ f of 30,800 lbs, ; 
= 40,665 lbs., as before. 

Proceed in a similar way with the secondary trussing be- 
tween D and B^ and we finally find that the point D sustains 
84,400 lbs. of the load on DB. 

The total vertical stress at D is that which is transmitted to 
J? through ID from the left (40,665 \}a^^\plus that transmitted 
to D through raD from the right (32,400) ; ylus the load which 
is directly applied at D (68,170) ; or 141,235 lbs. But we may 
deduct from this all that part of the 15,000 lbs. which is 
applied at a and ^, due to the pressure of the wind ; for these 
pressures cannot exist at the same time that the 30,000 lbs. 
does, which is supposed to be applied at D. Hence we may 
deduct i of 15,000 lbs. + f of 15,000 lbs., or 15,000 lbs. This 
leaves for the effective vertical pressure at 2>, 126,235 lbs. 
This is supported by the main truss AGB. Hence, we have 
(omitting all below 100 lbs.), 

stress onDG = 126,200 lbs. ; 

stress onAO^^oi 126 200 lbs. x sec DC A ; 

stress onBG — ^oi 126,200 »«'. x sec DOB ; 

stress on AB = || of 126,200 Ths. x tang DOB. 
Where two or moi'e stresses are common to a single piece, 
the resultant stress is the sum of all the partial stresses. Thus 
the total stress on Ah^ for instance, is the stress on db of the 
truss Ajh / plus the stress on Ac of the truss Akc ; plus the 
stress on AD due to the truss ACB. 

Similarly, the total stress on Aj equals the stress on Aj of the 
trass Ajh; phis the stress on Ah of the truss Ako + etc. 
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As a check upon the work, wo have the total stress on Aj 
equal to the total reaction on the support A multiplied by the 
secant of ACD ; which should equal the sum of all the 
partial stresses. 

(NoTB. — This check would be exact for a skeleton or line trass, bat we do 
not expect it to be exactly trae in this case, where the angles are not deter- 
mined from the dimensions of the trass. ) 

In ordinary cases it would probably be thought advisable to 
use 600 or 800 lbs. per square inch for the safe resistance to 
crushing of pine ; but as the maximum load which we have 
assumed — that due to green lumber, green mortar, a deep snow, 
and a hurricane, all applied at the same time — will probably 
never exist, we may safely assume 1,000 lbs. ; for it probably 
might be strained to double this amount for a short time with- 
out endangering its strength. This is the value which we 
have used. The iron will safely resist 12,000 lbs. per square 
inch. It was all tested to 15,000 lbs. Using these values, and 
we have the following numerical results. All strains less than 
100 lbs. are omitted in the final result. The number and size 
of the pieces which were used to resist the strain are also given. 

VERTICAL TIE RODS. 



Name of the Piece. 

Pieces. 
^ 

hk 

d 

DG 

0111 •• 

A 

to 

«p 



Tote] Load 


Suspended 


Transmitted 


No. of Iron 




Load. 


Stress. 


rods. 


Lbs. 


Lbs. 


Lbs. 




80,800 


80,800 


. • 




86,100 


( 19,700 


15,*400 




54,200 


80,800 


23*400 




126,205 


(68,200 


58,*()00 


2 

2 


88,000 


( 1,800 


87,100 } 


2 


46,800 


(29,700 


16,*600 


2 

1 


22,200 


1,800 


20,400 [ 


1 


80,600 


80,600 


* • 


2 



Diameter of 
each rod. 

Inches. 

1* 
1+ 
1+ 
If 
If 
i» 

u 

1* 

1* 
1# 

u 

If 
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THE HORIZONTAL TIB. 



Vaine of the Fteoe. 



at2>. 
or.... 



60. 



Ab. 



De. 



rf. 



fff^ 



ffh, 



Vertloal Components 
of ttie Foroee which 
liroduce Tension. 



.13 -4 



to 



— < s 



§s 



ja o 
se-3 



fl-S^ 



! 



il of 136,200 
J% of 126,200 

Uof 126,200 
fof 64,200 

( I of 35,100 

< plus the stress 
(oneD 

C iof 30,800 

< plus the stress 
{on bo 

( i* of 126,200 
\ I of 1,800 

^of 46,300 
plu^ the stress 
on -De 

fof 22,220 
pihis the stress 
on «/ 

I of 20,600 
pika thf stress 
on/p 



X 
X 



2.4 
2.6 



x2.4 
xO.7 



} 



1.1 



X 2.4 



x3.4 
xO 



0.8 



1.0 



X 1.3 



Resnltant 
Tension. 



177,900 
176,000* 

206,400 
232,100 

269,000 
185,900 



215,500 



= 232,200 



I =250, 



100 



9 g 

2 



4 
4 

4 
4 
4 



4 
4 



1 

5 



SSI 



U 
U 

u 
1* 
1* 

1* 

u 
u 




41 
4* 

4 
41 

4i 

61 
61 



* The difference in the two lesolts is diaoaided. 
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WOODEN PIECES. 



Kudo of die Fleoe. 



BO 

H.. 
Jk., 

4/.. 

mn. 
no., 

up.. 

pB. 

9P'* 
fo.. 
en,. 

Dm. 
JW., 
ck.. 



Vertical Oom> 
ponent of 
theStreae. 



fl 

^1 



^5 



Besoltant 
StreflB. 



Primary Truss. 



Lbi. 
i% of 126,265 
\^ of 126,265 



X 
X 



2.6 
8.5 



Lbs. 

192,700 
182,200 



Secondary Truss, 



i of 54,200 

85,130, 

the stress 
Al 



( iof 

•{plust 
{onAi 



i of 80,800, 
;)^tM the stress 
on^'A; 

i of 38,800 

t of 38,800 I 
i of 46,350 ( 

i of 22,220, 
jAus the stress 
onno 

i of 30,0D0, 

^t/« the stress 
op 

f of 80,600 

f of 22,200 

i of 46,850 

i of 38,880 

i of 54,220 

f of 85,180 

i of 30,800 



{ 
I 

( i 
( on 



X 


2.6 


X 


2.6 


X 


2.6 


X 


8.5 


X 


85 


X 


8.5 


X 


8.5 


X 


1.7 


X 


1.4 


X 


1.8 


X 


1.2 


X 


1.2 


X 


1.5 


X 


2.4 



= 35,200 

= 65,700 

= 105,700 

= 22,600 

= 55,100 

= 74,500 

= 110,200 

= 84,600 

= 23,800 

= 48,800 

= 88,900 

= 48,800 

= 85,100 

= 89,900 



I 

I 



Inches. 

14 
14 



3 
6 

12 

2 
6 

8 

12 

6 
6 
6 
6 
6 
6 
6 



I 

I 



Inchei 

16 
16 



12. 
12 

14 

12 
12 

12 

14 

8 
12 
12 
12 
12 
12 
12 



SOS TSEATIBB ON BOOFB. 

Many of the wooden pieces were euch as the carpenter had iii 
^ stock," and are larger than is noces^ry, as is shown by a 
comparison of the strains and size of the pieces. It was 
assumed, however, that the pieces would not bend. The dimen- 
sions of the iron pieces in the Iarjj;e tie were changed very 
slightly from those given by the analysis. 

Checks upon the computation. — ^The reaction at A^ omitting 

the 15,000 lbs. at each of the points a and c, which is due to the 

force of the wind, will be 

15,800 X 71| + 19,730 x 63i + 15,800 x 55| + 68,170 x 47 + 

80 ^ 

1,800 X 39|. + 29,700 x Slj + 1,800 x 23^ + 30,600 x ISj 

80 
= 99,800 lbs. 

The 30,000 lbs. omitted above was included in the preceding 
analysis, in such a way as to be equivalent to f of 15,000 lbs. sup- 
ported at -4, plus i of 15,000 lbs. supported at tlie same point, 
or 15,000 lbs. in all. Adding this to the preceding value, and 
we have 114,800 lbs. This multiplied by the secant of the 
inclination, 2.6, gives 298,480 lbs. for the total stress on Aj. 
By the preceding analysis we have the total stress on 

Aj = 105,700 + 192,700 = 298,400 lbs., 

which is the same as the preceding to within 100 lbs., which 
difference results from dropping small quantities, and which 
is of no importance in comparison with the total stress. 
^ Similarly, the stress on Ah will be 

114,800 X 2.4 = 275,520. 

But from the preceding analysis we find that the stress is 
269,100. This shows a difference of 6,400 lbs., which would 
make a difference of only one-half of a squai'e inch of iron in 
the tie. But the latter result is doubtless nearer correct than 
the former, for it is dependent upon the inclination of the small 
braces (as well as the main rafter), and the former were mea- 
sured as tliey exist. 

171« — OAISBRB OP THB I.AROE TRI7S8E8. — From the 

time that the trusses are erected, to the time of the completion of 
the roof and dome, they will continue to settle. The causes of 
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the settling are the increase of load and the elasticity of the 
material. The point of greatest deflection will evidently be at 
the joint J), directly under the angle CI After they are erect- 
ed they will change their deflection from time to time, as the 
load due to the pressure of the wind and weight of snow 
changes. It is desirable to make such a cambre in the lower 
chord as that it shall never fall below a horizontal. We will 
therefore assume that the change of deflection from what it was 
when .first erected, is that due to the total load, as given in 
Article 169. 

The deflection will be the result of three causes, each of 
which may be considered independently. 

1st, That due to the direct elongation of DOy which is caused 
by the stress on the vertical ties at DCy while DB and CB are 
supposed to remain constant. 

2d, That due to the compression of OB^ whilst CD and DB 
remain constant. 

3d, That due to the elongation of BB^ whilst BO&nd OB 
remain constant. 

The triangle -4-DC7 may be considered, instead of OB I), or 
the computations on one may be used as a check on the other, 
but as the dimensions of the two do not differ largely, the 
results will not differ much. 

1st, The elongation of DO \& caused by the application 
of 68,000 lbs. at i), phis a transmitted stress of 68,000 
pounds, or a total of 126,000 lbs. The length of each of 
the four tie rods is 16 feet, and their diameter is \\ inch, and 
hence the cross section of each is 2.76 square inches. The for 
mula for the elongation is 

Calling E = 28,000,000 lbs. and the formula becomes 

126,000 X 12 X 16 A A>ro 4! -1. 

\ = ^^ ' ^ ^^^ TZi-7rr-'=' 0.078 of an mch. 

28,000,000 X 11.04 

2d, The deflection dtte to the compression of BG may be 
supposed, without sensible error, to follow the same law as the 
differentials of the quautities. Hence, by differentiating the 
expression 
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<7^= CZ?* +^i?', (tf) 

eonsidering BD as constant, we have 

CB d (CB) = CZ>.<i (CZ>) ^) 

The length of CB = VBD'~T~0^ = 60 feet, nearly. 
^ //TON ^ ^ 182,000 X 12 X 50 ^ ook * • u 

^ <^^> = zr = i;6ooroo(r^ir-xT6= ^-^^^ ^* *^ "^"^ 

Hence, from Eq. (b), we have 

,-^„. CB.d{CB) 12x50x0.325 , .,„ . , 
d {CD) = -(jj)-^= 12-^-ig = 1.015 inch. 

3d, The deflection due to the elongation of DS is found in a 
Bimilar way, by differentiating Eq. (a), considering GB as con- 
Btant. 

/. GDd{CD) = " BD.d(,BD) [c) 

The differential of BD is 

d(BD) = X=^= 185,900x12x47 _, 
^ ^ jElZr 28,000,000 X 4 X li X 4 ■" 

0.208 of an inch. 

Although the tie-rod is not of uniform size throughout its 
length, yet if its section is proportional to the stress to which 
it is subjected at its several parts, the elongation due to the 
several stresses will be the same as if we consider it uniform, 
and under the action of that stress which corresponds to that 
section. The negative value shows that CD is shortened by 
depressing C whilst DB is elongated^ but as Z> is depressed the 
same amount that O is, the result is essentially positive for our 
use. Eq. (c) gives 

,.^y., 12 X 47 X 0.208 n«ii 4i • i. 

d (CD) = TTT T7i = 0.611 of an mch. 

^ ^ 12 X 16 

Hence the total deflection due to all these causes is 

0.078 -+ 1.015 + 0.611 = 1.704 inches. 

This computation makes no allowance for imperfection m 
the joints. In the construction, the lower tie-rod had a deflec- 
tion downward of several inches, as can be seen from the fron- 
tispiece. (This can be tested on the figure by a straight-edge. 
But the false work which was made below this for supporting 
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the plastt/r cornice was cambered upward about three inches. 

As the roof was constructed before this part of the work was 

completed, it was probably enough to secure a permanent 

cambre after the dome was constructed, and all the joints had 

come fully to bearing. 

The change of cambre due to a severe wind of 25 lbs. per 

square foot cannot exceed that due to a load of 30,000 lbs. 

^ , , ^ 30,000 - ^ ^^ . 

placed at x/, and hence cannot exceed -i o^ ooo J-«^* =^ 

0.405 of an inch ; but usually it will not equal one-fourth of 
this amount. If the wind should blow directly from the west 
or east with a force of 25 lbs. per square foot, it will not 
exceed one-half the above amount, or 0.202 of an inch in each 
case ; or about 0.4 of an inch in both cases ; that is, in one case 
it will be below the normal position, and in the other above it. 
The change of cambre will affect the perpendicularity of the 
dome ; and as the height of the dome is almost exactly twice 
the width of the space between the large trusses, the top of the 
dome will move twice the amount of the change of the cambre. 
The upper end should therefore be west of a vertical througli 
the centre. When the wind is directly in the west, we have 
supposed that the pressure at the angle of the trusses due to 
this cause cannot exceed 15,000 lbs. on each, and hence the 
deflection in this case due to all the causes will be less than 
1.704 inches ; and the top of the dome will be moved to the 
east, somewhat less than (2 x 1.704 = ) 3.408 inches. The 
investigation shows that the top of the dome should be made 
about 2J inches west of the centre of the base of the dome. 

173. — IF THnB BATS IN THB CHORB8 ABB BQIJAIi, aS 

shown in Figs. 114 and 115, the strains upon the several parts 
may be expressed by simple formulas. In Fig. 114 the vertical 
members of the secondary trussing are ties, and the inclined 
pieces are braces ; but in Fig. 115 the reverse is true, that is, 
the vertical members are struts and the inclined ones are ties. 
If the truss is composed entirely of iron, the form shown in 
Fig. 115 is preferable, because long pieces which are subjected 
to compression require proportionably more material than when 
subjected to tension (see Articles 21 and 22) ; and the inclined 
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pieces in Fig. 114 are longer than the vertical ones in Fig. 115. 
Bat if the Btrnts are made of wood and the ties of iron, the 
form shown in Fig. 114 wiU be more economical than that 
shown in Fig. 116. 




y^O J^ J" 



^^ ^0 ^d ^0 

Fig. 114. 



ANAi.irsis OF FIG. 114. — A slight inspection of the problem 
shows : — 

1st, That the strains upon the lower tie will be the same 
whether the load be upon the joints of the long tie, or upon the 
joints of the rafter, or upon both. 

2d, The strains upon the braces of the secondary trussing, or 
upon the segments of the long rafters, will be the same whether 
the load be at the upper or lower joints. 

3d, The strains upon the ties will be less when the load is 
upon the rafters than when it is upon the lower tie ; for when 
upon the lower tie, the strains due to the weights are trans- 
mitted directly through the ties to the upper joints ; but if the 
weights are at the upper joints they are supported directly by 
two unequally inclined I'afters. 

At first neglect the force of the wind, and suppose that 
equal weights are placed at each of the joints (or nodes) in the 
rafter and long tie. 

Let N = the number of bays in the long tie AB ; 
p = the load at each of the joints of the tie ; 
p' = the load at each of the joints of the rafters ; 
n = the number of the bay considered ; 
Y = the reaction at A ; 
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Cf^ = the compression on the n-th division of the rafter ; 

and 
tn = the tension npon the n-th bay of the tie. 

Sireaa on the main rafters. — Take any point, as J9, in the tie 
as the origin of moments ; and from this point let fall a perpen- 
dicular on to the rafter AC. Suppose that a point x (not 
shown in the Fig.) is tlie foot of this perpendicular. K ^Cbe 
severed, the -system will turn about Z>, and the moment of 
stress on jO will be o^ x J)x. 

We also have 

r=iiif-i)(p + p')', 

V X AD = the moment of Fin reference to J9; 

{n — 1) ( J? + J?0 = *^® 1^*^ between A and D ; 

^ nl = lever arm of the preceding load ; 

i n {n — 1) I (jp + j>') = the moment of the load. 

r.Cn X Dx = Vnl — (ti — 1) (j> + ^') i rd 

Bttt the imaginarj triangle ADx is similar to ADOy and 
hence 

nl AC 
'ihs VD 

•••«« = 4 [i<^- «] Cp + jp') ^ (187) 

AC 
In any practical case -?yy= {p + p^ will be constant. Call it 

q. Then 

Cn-=^\\N-rC\q^\Nq'-\r^ (188) 

This is a maximum for ti. = 1, and decreases as n increases, 
hence the greatest stress on the main rafters is near the ends 
and least at the apex. 

Strebs on the long tie^ AB. Call cD the TZr-th bay, and take 
j as the origin of moments, and we have 

V xAo = V X (» — 1) Z = the moment of F; 
(n — 1) (i> + i>0 = the load from A to and including Jc; 
i (n — 2) Z = the lever arm of the preceding load ; 
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i (n — 1) (/I — 2) Ijp +7?') Z = the moment of the preceding 
load ; and 
t^ X ji = the moment of the tension. 

.-. <. = 1 py- 1)- C» - 2) ]'-^^^(P+i'') 
^0 DO 



.-. K, = i FiT- n + ll^ip+jfy 



(189) 



Afl before, let -^-^y Cp + i>0 = ^ 

.-. ^„ = i[ir— ;^ + l]r (190) 

In this equation n must not be less than 2, for when n = 2 
we find the stress on ah which is the same as that on Aa. The 
stress decreases as n increases. 

Stress on the Vertical Ties. — The stress on the tie marked 1 is 
evidently p. The tie marked 3 virtually sustains one end of 
the king-post truss Ahb and the weight at b, and hence the 
stress on it is ^ Q? + i^O + i> = f i? + ip^' In the same way 
we find that the stress on the tie marked 5 (which is really the 
third tie) is two-thirds of the stress on S^plus two-thirds of the 
weight at i, plus the weight at c ; or equal to 2 j!? + p\ Simi- 
larly, we find that the stress on the n-th vertical tie is 

i (71 + 1)^ + i (n - i)y = 

in(j? +y) +4(i>-y) (191) 

from which it appears that the stress increases as n increases. 

Stress upon the traces, — The stress on the first brace 
(marked 2) is -J- (j? + j?') sec 6, in which is the inclination from 
the vertical. On the second it is [i {p + p') + f (jp + py\ 
sec = (p + p') sec 0. On the third it is one-fourth of the 
load at a and h^plus two-fourths of the load at h and i, pl\is 
three-fourths of the load at c and j multiplied by 5^ ^ ; or j 
(p + p') *^^ ^- -A.nd generally, the stress on the /^-th brace is 

Fn-\n{p ^ p')sec0 (192) 

in which is tlie inclination of a brace from the vertical. It 
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will be seen that the stress upon the braces increases dii'ectly 
Bs their distance from the support. 

SBCOND SOI.ITTION. — Conccive that a vertical section is made 
through the truss just at the right of Jy and it will intersect the 
n-th division of the rafter, and of the tie and n-th brace (although 
the number of the n-th brace is one less than the number of the 
tie ; thus, if the number of bay is 4, the number of the brace 
directly over it is number 3). It is then evident that the sum 
of the horizontal components of the strains in Dj and fOwSi 
equal the tension on the main tie. 

Hence, t^ = On cos GAD -f- Fsm q}D. 

Also, the vertical shearing stress in the section equals the sum 
of all the stresses between A andy / or 

F - (n - 1) (^ 4- y) = On sin CAB - Feos cjD. 

Also the moment of the tension taken about j as an origin, 
equals the sum of the moments of the applied forces ; or 

t^ X jo = Y.Ao — {j> + p^)ao^ (j> + p')ho — (j> + p') 

as before found. 

AD 

We also have coa CAD = -j-^ 

sm CAD = -jYf 



• • 



COS cjD = 



_ JO 



am C7JJ = -!^=j 



• ^^ A 

jc = ^.Ac 

These values substituted in the preceding equations g]V€^ 
after eliminating Fy 
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As before given in Equation (187). 

By eliminating o^ from the preceding equations, the ^'alue oi 
F may be found. 

ANAi.irsi8 OF FIG. 115. — In this case, as has been before 
stated, the verticals are struts and the diagonals are ties. 

Tension on the tie AB. — Suppose that he (the n-th bay) is 




a 



c D 

Fio. 116. 



Bevered. The truss will then fail by turning about the joint 
Take J as the origin of moments, and we have 

V.nl-'^n(j> + jp') {n ^ 1)1 ^ t^jc. 
. • . ^, = 4 TiT - 1) - (n - 1) j ^ (;> +i>') 

Similarly, the stress on the n-th hay of the rafter toiU he 

The stress v/pon the n-th vertical stmt will he^ 

i(» + l)jp' + i(n-l)jp 
The stress upon n-th tie vnU he 

i n (i>+i?0 *^^ 
in which is the inclination of a tie from the verticaL 



SEOONBABY TRUSSING. 21'} 

EFFBCT OF THB iriND IN THE PRECEDING CASE. — W^ 

must assume the^ direction of action of the wind when it 
strikes the roof. If the pressure is vertical we may include its 
pressure in p^ in the preceding equations. If it be horizontal 
it will act only on one sideband tend to move the truss horizon- 
tally on its supports, and similarly for any other angle of action 
except a vertical one. 

Let 6 = the angle which the direction of the wind makes 
with the horizontal ; 
i = the angle of the roof with the horizontal ; and 
to = the pressure of the wind on each joint. 

Then 

6 ^ i = tho angle of the direction of the wind with the 

roof; and 

w sin (d — t) = the pressure perpendicular to the roof ; 

to 008 {0 -- i) = the pressure parallel to the slope of the 

roof. 

The latter vaiue will give a pressure downward along the 
rafter when ^ — i is less than 90®, and the reverse when — i 
exceeds 90*^. 

The perpendicular pressure may again be resolved into a ver- 
tical pressure (and may be represented by j?'), and a longitudinal 
pressure which will produce compression or tension, the same 
in kind as that above stated. 

The vertical pressure will be 

w sin {0 — i) -r- cos i ^jp' 
and the corresponding longitudinal component will be 

w sin (j9 — i) X tang i 
and hence the total longitudinal pressure will be 



w 



[//I ^ sm{0 — ifX 
cos (^ — *) — — 4 — s — ' I 
^ ^ svn t I 



The vertical pressures must be treated as in the preceding 
cases, excepting that in determining the value of T'^we must 
observe that the pressure will generally be upon one side. It 
18 not deemed necessary to give a complete analysis of this cafle, 
for all the principles which are necessary for its solution have 
been given in the preceding pages. 
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JSXAKPLK, Suppose that the span is 80 feet ; depth 16 feet ; the load ot 
the lower dhoid 24,000 lbs. nnif onnlj distributed, and on the raftec 48,000 Iha. 
Required the stress upon the several parts of a truss like Fig. 114, when there 
ne ei^^t bajs In the long tie. 

We havep' = 3p = 6,000 lbs. 

p = 3,000 lbs. 
iV^=8 
AO = 43.08 feet 
•*• Aa=s ab = bOf eta = 10 feet. 

oA = 4 feet. 

ibzs S feet. 

Je = 13 feet. 

OD = 16 feet. 

Aft= vlO»+ 4* = 10.78. 

ie^ 1^ 10» + 8« = 12.80. 

jD = V 10» + 12» = 15.62. 
ieoahb = 2,6S. 
seohio = 1.60. 
8ec<^D — 1.30. 
M0 AGD = 2.1 



Tkom Eq. (187) we have, by making n = 1, 2, 8, eta. 
stress on ^ = i X 7 X 9,000 x 2.69 = 84,735 lbs. 
stress on hi = 72,630 lbs. 
stress on ^' = 60,525 lbs. 
stress on^C = 48,420 lbs. 

From Eq. (189) we have 

stress on od = 78,750 lbs. = stress <m Am* 
stress on be = 67,500 lbs. 
stress on cD = 56,250 lbs. 

From Eq. (191) we have 

stress on ah = 3,000 lbs. 
stress on M = 7,500 lbs. 
stress on ^ = 12,000 lbs. 

stress on CD = 16,500 lbs. 

ft 

which is the stress due to the load from ^ to 2> ; and henoo the total strev 
on OJD is double this amount. 

From Eq. (192) we have 

stresson hb = i x 9,000 x 2.68 s 12,060 lbs. 
stress on is = 14,400 lbs. 
stress oniD = 17,550 lbs. 

173. — ANOTHSH FORUE OF AOOF TB17SSINO is shcWIl ill 

Fig. 117y in which the main rafter A O is trussed by several 
secondary trasses. 
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Fig. 117. 

ABCiB the PRiMAiiY TRUSS, in which J. (7 and CB are the 

main rafters, and AB is the long tie rod. The rafter AOiB 
supported at e by the inverted king-post truss Ab C\ which forms 
the first SECONBART TRUSS, and in which eb is the strut and 
extends from the* middle of ^Cand perpendicular to it, to 
where it intersects AB; and Ab and bC are the tie rods. 
Although Ab appears to be the same or a part of AB, yet in 
practice they are composed of separate rods. 

The main rafter is still further trussed by the second set of 
fjecondary (or tertiary) trusses, Aae and ecO, in each of which 
the struts yjj and do are perpendicular to the main rafter and 
extend to the tie rods Ab and bC. In this construction it will 
be observed that ec is parallel to Aby and ae parallel to bO. 

In this truss it is supposed that all the load is on the mai^ 
rafters, so that if the load is imiformly distributed over the 
rafters, we have 

W = the total load on tie roof ; 

iT = the number of bays in both rafters ; and 

W 
.*. — =. z= jp z= the load at each of the joints yj e, d, etc. 

The load which is applied at d will be supported directly 
by the pieces Ad and dc, and according to Eqs. (88) and (89), 
Article 46, we will have for the 

Stress on^ = jp sin A ; and (1^3) 

f tress ondo ^ p sin dee ; 

-jpeo8A=ip — ^ (194) 



I 
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The weight,^, at e produces direcUy the following streflBOB :— 

Stress on^a =:j> &mA; and (195) 

Stress on S =ji> 9m ebA 

=zj>co8A =I> j^ (196) 

But the strat eb also sustains one-half the pressures on do and 
fa ; and hence the total compression on the strut d> is 

2p€08A (197) 

For the load^ at/ we have 

Stress on JA = p $mA (^98) 

Stress onJh=zjp sin faA 

^pcoBA=p j-Q (199) 

For tlie load^ at <7, we have 

Stress on AG = \p see ACD 

A (1 
= 4jp|^ (200) 

But the stress on do causes consequent stress on each of the 
parts ec^ cC and ^(7, as shown from the inverted king-post ; and 
hence we have for the stresses due to p cos A the following 
values: — 

-42?* 

Stress on dC or ed ^ ip cos A cot dCo = ip (201) 

A0» C/JL/ 

AD 
Stress on Cfc or ec = ip cosAcoseo dec = ip ^7= (202) 

The expressions just found are also applicable to the second- 
ary truss Aae. 

For the secondary truss jlJCwehave in a similar manner 
for the load, or stress, 2p cos A^ which falls upon eb^ the follow- 
ing values: — 

AD^ 

Stress onAe or eC =p 'TTTnTY"** (^02) 

AD 
Stress on AboThO=^p ^ (204) 



w 
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BesideB these stresses there is a stress the whole length of the 
rafters the same as if they were not trussed, which is due to the 
thrust at their upper ends. The amount of this compression is 
given by Eq. (53) and hence is (observing that FT there equals i 
Fhere) 

i W tang sm 0j or 

This uniform load, as was shown in Article 20, causes a 
greater compression at the lower end of the several sub-rafters 
than at their upper end. Thus, the compression at the lower end 
of dO would be greater than at its upper end ; but if the load 
be placed at the joints, as we are here considering, the compres- 
sions will be uniform from O tody at which point it will receive 
an additional stress due to the load at d. It will then be uni- 
form from dtoej where it will receive an additional stress due 
to the load at e, and so on. Although this view of the case is 
not strictly correct, yet in practical cases, where the parts Af^fe^ 
etc., of the rafter are short, it is sufficiently exact. 

In determining the total compression upon the rafter, we shall 

AC 
have somewhat too great a value if we add \p -yr^y Eq. (200) to 

all the other strains found above, and somewhat too small a value 
if we omit it entirely ; because the load being uniform there is 
no local load at the apex, and the load jp placed at that point 
produces a greater strain than if it were uniformly distributed 
over the rafter. I have, however, retained it. 
By collecting results, we have for the 

" the stress on ^(7 due to the thrust at (7, 
+ tlie stress on AC due to the load {p) at C, 
+ the stress on Ad due to the load at d^ 
+ the stress on Ae due to the load at Cy 
+ the stress on Ae due to the stress on ^ of 

the truss AhG^ 
+ the stress on -4/ due to the load at^J 
+ the stress on .4/* due to the strain on^ oi 

the truss Aae. 



Stress 01 A/ = 
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The compression on edy due to the trass ecOy is evidently not 
tiansmitted to A. 

In a similar way we find the stress on any other part of the 
rafter. Hence we have 

Total Btress on 6« = iF^|^+l^^ + }^^^ 

Total stress 

, 1 Tj, Aiy . , AO ^. Aiy ^ CD 

. . jj, AJf ^, A or , A£f , o 01) 
""^ 'f =i ^DOAG^^^-CD^^^ ACm ^^^AO 

., , Tj, AI/ ^ . AC , . Aiy , - CD 
on /4 = i F^-^^+i^_ + *i>^-^^+ Zp-^ 

j^ AD' ^ , 

on ja := jp —jjj-z= stress on ae. 

OQ <* = 2p -^^ 

on Ah = jp -j^=r~= stresson JC 

C/X/ 

on Aa = ^j> _- = stress on a«, eo and eO. 
on 4J? = iTr^ 

EZAMPLB. Let the span be 60 feet, and rise 15 feet. Also let the maiii 
rafters be supported at three points by secondary trossing, as in Fig. 117. 
Let the total load on the truss be forty tons. Beqoired the stress on the 
sereral parts. 

We have 

Tr= 40 tons = 80,000 lbs. ; 

JV'=8; 

p = 10,000 lbs. ; 
AD = 80 feet ; 
C7i> = 15feet; 
il(7=: 88.54 feet; 

At = 16.77 feet ; 

Af = 8.885 feet =/« = «f = dt/; 

/a = 4 192 feet ; 

tuADiDO i: Af:f%.\fa= ~^.Af^k^* 
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Bimllady, eb r= 8.885 ; 

Aa = 9.874 = ae= eo= Ce; and 

Ab = 18.748 =bo. 

The 8tre« on the long tie rod AB is 

40,000 X it = 80,000 lbs. 
The streas on Ab is, acoozding to Eq. (204), 

10,000 X f J = 20,000 lbs. 
The stress on iia of the truss Aae is 10,000 lbs. = the stresB on <M, M, sad 



9C. 



The stress on «& = 17,880 Iba 
The stress on Cd = 78,790 Iba 
The stress on de = 7fi,260 lbs. 
The stress on ef = 83,780 lbs. 
The stress on/^ = 87,201 Iba 

179. — THE PREVIOITS CASE MAT BE MODIFIED aS shoWIl 

in Fig. 118, in which the middle strut eb does not extend to the 
long tie rod. In this case the strains on the struts fay ebj and 
clOy will be the same as in the preceding case, but the strains on 
tlie tie rods Aby ae^ etc., will be greater than in the preceding 




Fig. 118. 

case, because they make a less angle with their base. For *n- 
9tance, the stress on ^ (2^ cos A) will cause a stress of 

p sec eb A cos Aj 

on the ties ^ J and bC\ and similarly for the others. The 
compression due to the total load on the rafter will be the same 
as in the preceding case ; and the total strains will be found in 
the same manner as in the preceding case. 



Part 4. 
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We have thus far passed from the more simple cases of trussed 
girders to the more complex, determining, as we passed along, 
the effect due to each condition by itself. We may, howev|Br, 
proceed in the opposite way, and deduce all these results from 
the general equations of Statics. 

1 7S* — 6BNERAi« savATioNs. — ^If all the forces which act 
upon a rigid body are resolved in the direction of three co-or- 
dinate axes, we loiow that the sum of the forces will be zero, 
and the sum of the moments (or statical couples) will also be 
zero when they are in equilibrium among themselves. The 
forces which thus act upon a body are called external forces. 
If now we conceive that the several points which are thus acted 
upon are connected by rigid right lines, the same condition not 
only holds good, but we may find the strains (whether of tension 
or compression) upon these rigid right lines, by conceiving that 
one or all of them are severed, and instead of the tensions wliich 
transmit the stresses, we substitute forces which will produce 
the same effect upon the rigid lines. The forces wliich we thus 
substitute we call by way of distinction, mtemal forces. The 
internal forces may be treated in all respects like external 
forces. 

Suppose that a frame of any kind whatever, as Fig. 119, is so 
made as to connect all the points of application of the external 
forces ; and that a plane section is made so as to cut several oi 
the bars. 

Let P, P„ P„ P„ etc., be the external forces ; 
Fj F^y F^y F„ etc, be the internal forces. 
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Take any oonvenient point for the origin of rectangular co-or- 
dinates, and let x and z be horizontal, and y vertical, as in Fig 
119. 



*> 




Pig. 119. 

Let X, flj„ flj„ etc. ) be the co-ordinates of the 
t/j y„ y„ etc. > point of application of the 
By 0„ z„ etc. ) lorces ; 

«, «i, «,, etc., be the angles which the external forces 

make with the axis of x ; 

ft ft, ft, etc., be the angles which they 

make with axis of y ; and 

y, y„ y,9 etc., be the angles which they 

make with the axis of s. 



a, Aj, a^y etc. 
by J„ S„ etc. 
Cy c/|, C/|, ere. 



be the corresponding angles 
made by the internal forces 
with the axes Xy y, and s. 



iil 



Then for equilibrium, we have 

Peosa-^ Picosai + Pj <5M flj + eto., + Fco9a + FxC08ax + etc. = 
PcoB^ + Px €0801 + Pa COS 0t + eto., + Fcosb + Fi cosbi + eta = }. (a) 
PcMy-t-PiOWyi -t- PaCMy, -h etc., -^ F 009 •¥ Fi COS d t eta 

or, more briefly, 

co» y + ii Fco8 e 

We also have 




=il 



.(« 



ZPixeosP ---ycoBa) + EP(««wd — y«wa) = 
E P(e oof a — a? aw y) + £ P (2 «># « — « <»* 
EP(y«»y — ««M/?) + ZFiffCose — eeos 



c)=0[ 



.(«) 



We tlius have six independent equations of the most general 
form, and by means of which we may determine six unknown 
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quantities. If, therefore, in the most general form of tmsB^ the 
plane section cuts more than six bars of the truss, the solution 
in regard to the strains is indeterminate, unless conditions can 
be established among them which will give other equations. 
For instance, certain bars may receive equal strains, certain 
others may be strained half as much, or some ratio may be 
established among them. 

But few practical problems of such a general character ever 
occur, but it is easy to conceive of theoretical ones like the fol- 
lowing. 

ExAHFLB. — ^A trass is being raised into position, and is held by ropes, 
which are inclined in yarions directions, while the tmss is acted upon by its 
own weight, the force of the wind and the ropes. It is required to find the 
condition of eqnillbrinm among the external forces ; and the stress nfmn all 
the bars in a plane section. 

1T6,— FORCES IN A PiiANB. — In nearly all engineering struc- 
tures we have only to consider forces in a plane, since the force 
of gravity is the chief force with which we have to contend. 

Suppose that the forces are all in the plane ajy. Then all the 
components and moments in regard to z reduce to zero, and 
the preceding Equations become 

:S Pcoaa + X Fgo8 a = ) 

:S Pgo8^ -\- :S Fco8 S = \{d) 

S P {x COS ^ — y 008 a) + 5* F{x cosh— yco8 a) = ) 

This gives us three independent Equations, and hence tlie 
problem is determinate when the vertical section cuts only three 
bars. 

These Equations may be developed so as to be especially 
applicable to pa,rticular cases. 

177. — APPiiiBD FORCBS Aiii« TERTi€Ai<« — In this caso a 
will be 90° or 270° ; and ^ = 0° or 180° 

r.X P C08^ =:S ± P 

Ti S V = the forces which act vertically upward, and 
S P = those which act vertically downward, we have 

J^Pco8^-:sP-s V 

In most mechanical structures the forces which act vertically 
upward are the resisting forces at the supports. 
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We also have for this case 

X P €08 a ^ 

Ajid hence Equations (d) become 

2 P-X F + 5" Fco8 5 = I {e) 

i P.X— XV.X + X F{x 008 h-y cos a) = j 

The quantity {x C08h — y co8 a) is the lever arm of the 
force F. 

Let q^ y„ etc., == the lever arms of the forces ; 

i^= the stress on the upper bar in the section ; 

F^ = the stress on the lower bar in the section ; and 

j?<, = the stress on the intermediate bar. 

Then Equations {e) become 

Fco8 a + F^cosa^ •\- F^eo8 a, = ^ 
SP. - Z F + F8m a + F.sina, + F,8ma^=:0 I . . (/) 
SP.X -Sr.x + F.q + F,q, + F,q,=^0 J 

If the origin of moments is taken at the intersection of 
upper chord and the intermediate bar, q and q^ become zero ; 
and the third of the preceding Equations becomes 

S P.X --T r.x + F,q, =0. 

Examples. 1. Beqnired the inclination of the chords and of the intermedi- 
ate piece, 80 that the stress shaU be the same on aU of them at aU sections for 
a uniform load over the whole length. 

We have F = Fi = Fi and the Equations become 

eo8 a -\- *co8 ai -h eo8 a^ =0 

EP— E F+ Fgina + Fsinai + Fain(h = 

EP«- E Kx + Fqi =0 

which Equations have three unlmown angles and one unknown stress ; and 
hence the solution is indeterminate. 

2. Let the data be as in the preceding problem, and the lower chord hori 
lontal, or «! = degrees. 

. •. EP- E r+ Fain a + + Fsinth = 
HP.x-ZV.x + Fgi =0 

fnm the second and third of these Equations we have 

-EP«4-Er« -EP+EF 
ir= j_ _5 

9i una -^ mna% 
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which oombined with the lint of the preceding set of equations enables one to 
find a and a^ when gi is known. But we cannot assume arbitraiy values fof 
gi (the depth of the truss) without affecting the yaiue of a. There are there- 
fore really four unknown quantities, and it is necessary to establish anothez 
Equation depending upon the form of the truss to make the solution deter 
minate. 
The load being uniform, 

Let to = the load per foot of length ; 
Jj = the span ; and 
X = any yariable distance fron^i the support ; 

Then E F= iwL; 
SP= tax; 
J^ Vx = i wLx ; and 
E Pa? = i tMJ» 

Henoe the preceding Equation becomes 

sin a -f Mn a, = -£i~jr?"^> 

At the middle, x ^ \ L and we have 

Hn a + Mn «) = 

or, a = — oa or 180** + Os 

8. The lower chord being horizontal and uniformly loaded over its whole 
length, it is required to find the inclination of the upper chord and braces sc 
that that they shall be equally strained.* 

Take the origin of co-ordinates at the point where the intermediate piece 
intersects the upper chord, and we have ^ = ^s = 0. 

The load being uniform, we have (to, L and x being the same as in the pre* 
ceding problem) 

LVx=ziwLx 
EJRB=sifftr* 

Also let 

Hi = the stress on the lower chord ; and 
h = the depth of the truss at the section considered. 

We also have 

F = P;, Pi = -H", and eoaai =1 

Hence Equations (/) become 

F cos a -^ Hi -f Ptfos Aa = 
twj — i wL + P«»» a + + FHn as = 
} tOSE* — i wLsB + Eih =r 

* Solution by G. W. Mickle, class of 1870, Univ. of JfM. 
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By equating the Talaes of F deriyed from the first and second of these Equa- 
Uims, we haye 



cos a + caaa^ sin a -i- sin a^ 
The third Equation aboye giyes 



.(«) 



J7,=iJ^l^-£> (5) 

In these Equations are three unknown quantities, A, a, and a«, and hence 
the solution is indeterminate unless another relation is established between 
them. This may be done by assuming a depth for the truss at the middle, and 
diyiding the lower chord into a number of equal bays. 

Let D = the depth of the truss at the middle ; 
2 i\r = the number of bays in the lower chord ; 

L = the length of the span ; 
f = i •+- 2 jY = the length of one bay ; 

a, =: the angle which the n-th bay of the upper chord makes with the hori- 
zontal; and 
n = the number of the bay considered. 

Taking the origin of co-ordinates at the middle of the upper chord, we 
haye 

H:=.D--l\tanga.^,^tanga.^.^^....tanga..:\ 

I 



tang a, = ^ = 



2) — f I tang a,-.i + tang «,_, eta j 

Eq. (5) becomes 

i w (iV- n + 1) Z (Z - {IT- n + 1) Z) 



-h; = 



2) — ? I tang a^-x + tang a,_, + etc. . . ,tang a^^n I 



After substituting these yalues in Eq. (a), it may be reduced to the form 

meosa-\'rsina^ Q 

*ai which m, r and Q are known. 

This may be solyed by the introduction of an auxiliary angle ^ (see *' Oliaa 
renet's Trigonometry,*' p. 90) by putting 

ksin<f> = mi and 
kcas<t> = r 

Q Q , Q 

.•.sin{(^ + a)=z^ = ystni^=leo8ii> 

As a check upon the oakmlation, we haye 

tang a = ~- 
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NUniBBIOAI* EXAJSPIiE. Let if = 4 ; £ r 84C 2> =- 

half ton. 


10, andw^ 


We have 




Porn = 1, x=z 120, A = 10. ffi = 360.00, « = 108 2G' 
n = 2, a? = 90, A = 19.999, ffi = 16a 77, e = 51*^ 18' 
n = 3, aj= 60, A = 51.08, Bi = 52.85, e= 30'' 25' 
n = 4, x= 30, A = 6a 72, ff^ = 38.2, tf = 23' 35'. 


a = 341" 26' 
a = 313" 59^ 
a =. 329" 83' 


A oonstruction of these zesolts shows a peculiar form of tmsa. 


« « 11 a^ 



4. Required the inclinatioxi of the upper chord for % uniform load so that 
the stress on the upper chord shall be uniform throughcnt, for the panel bjb- 
tern, as shown in Fig. 105. 

The equal bays in the lower chord being known, and an,T ^epth aa O = h 
Fig. 105, being assumed, we may find a^ which substituted in F«q. (/) (making 
g and g^ = o and a^ = o) gives three Equations, from which we may find i^i 
a and Ft in terms of F. 

Having found a we may readily find HB^ and proceed as before. 

The value of F may be found at the middle by an equation of moments. 

Eesuming Eqs. (y*), we proceed to fix more definitely the 
values of some of the quantities in 

X them. 

If the origin of co-ordinates be 
taken at the intersection of the upper 
chord and intermediate bar, we have 
found, page 227, that 

K A = the depth of the truss in the section which is consi- 
dered, and «, the inclination of the lower chord to the axis of m, 
as has thus far been assumed, we have the perpendicular from 
the origin of moments* to the lower chord. 

q^ •=. h cos a^ 

It is not generally necessary to consider more than one force 
at the support, which call F. 

If the origin of co-ordinates be at the middle of the upper 
chord, and the span be Z, the arm of V will be i Z — a?, and 
the particular value of ^P.x can be determined when the con- 
ditions of the loading are completely known. 




* The origin of momenU may be at any distance from the origin of oo-oxdi- 
Dates. 
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. The firet of Eqs. (/) gives 

hence, the algebrm<i a^im of the horizontal components of thi 
stresses in the wpper chord and the intermediate piece eq^icah 
the horizontal compon&nt of the stress in the lower chord taken 
with a contra/ry sign / or, in other words, the resvlta/nt horizon- 
tal compression at the joint in the v/pper chord equals the re- 
svlta/nt horizontal tension in the lower chord. 

If we call tension phis and compresBion minuSj we shall 
generally have Fcos a positive, and F^ cos «, negative ; and 
F^ cos a, will be positive or negative, according as it is a tie or 
brace. If, however, we proceed as is common in mechanics, 
by considering all forces as positive and attributing the proper 
values to the signs, it will not be necessary to consider whether 
a strain is compressive or tensive, but only the direction in 
which it must act to produce the strain. 

The second of Eqs. (f) may be reduced to 

Fsin a + F.sina, + F^sin a^ = SV - SF 
the second member of which is called the vertical shearing 
STRESS ; hence the vertical shearing stress equals the sum of the 
vertical components of all the stresses in the section considered. 

By comparing Figs. 120 and 106, we see that if (Z^ in Fig. 
120 is positive, and less than 90° ; that in Fig. 106 for 
the corresponding part of tlie tiaiss will be negative and less 
than 90° ; or it may be considered positive and between 270 
and 360°. These conditions do not change the sign of cos a, 
but sin a^ will have contrary signs in the two cases. 

178. — IjOTitiru chord horizontai^. — ^In this case a, == 
0° or 180°, and still considering the forces as vertical, and Eqs. 
(/) are directly applicable to this case. In order to make the 
notation conform with that previously used, let 

a = i = the angle which the upper chord makes with the 
horizontal. 

90® — a, = ^ = the angle which the intermediate piece 
makes with the vertical ; and 

t^ = the stress in the horizontal lower chord ; 

e^ = the stress in the upper chord ; 



883 GENERAL FBOBLEM OF 

And, taking the origin of co-ordinates at a joint in Ihe upper 
cliord, Eqs. {f) become 

CnC08i + F^ sin = tn ) 

c^sini -h jF[co80 = V '-:iP > (g) 

tj^ = F a? - S P. a? ) 

If ihe intermediate piece is a hrace^ sin will be positive ; 
bnt if it be a tiey sin will be negative, and the Equation will 
become 

On cos i — F^ sin = t^ 
which is the same as Eq. (177) page 182. 

The second of Eqs. (g) is the same as Eq. (178) page 183, and 
the third of Eqs. (g) would give Eq. (176) when reduced for that 
case. 

Eqs. (g) are not only applicable to the parabolic arched truss 
as developed on pages 181 to 186, inclusive, but to all cases in 
which the lower chord is horizontal. They are applicable to 
roof tmsses in which the angle i is constant. 

179. UPPBR CHEORD HORIZONTAI<« For this casC i z=z 

or 180°, according as a; is positive to the right or left, and Eqs. 

{J^) become 

tn cos i^ •\- F^ sin = Cn ) 

tnsini,-^- F^cos0= V-^P \ {h) 

tn h cos ii = Vx — 2 Px ) 

The amount of the strains in this case is the same as for a 
truss in the preceding case inverted. 

1 80. — BOTH CHORDS HORizoNTAii. — ^For this casc ^ = 
and i, = 180°, or the reverse, and Eqs. {g) or (A) become 

Cn -^ F^ sin ^ tn ) 

F^cos0 = V-SP y (i\ 

tnh = VX^SP.X) 

These Eqs. cover all cases of parallel chords whether of the 
panel or triangular systems. There being three equations, there 
may be three unknown quantities, and the solution be determi- 
nate ; but if there are more than three unknown quantities, othet 
relations must be established. 

Fronr the first of Eqs. (i) we have 

tn-On = F^sin0^ (J) 
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Hence the difference in the stresses in the npper and lower 
chords in the same vertical, equals the horizontal component of 
the stress in the intermediate piece (brace or tie). 

The second shows that the vertical component of the stress 
in the brace equals the vertical shearing stress ; and if and 
V are constant, F^ will be greatest at the ends, and diminish as 
we pass from the end to the point where the shearing stress is 
zero. This result introduced into Eq. {j) shows that the strains 
in the upper and lower chords approach an equality as we pass 
from the end to the point where the vertical shearing stress is 
zero, at which point the strains will be the same in both 
chords. 

The depth being constant, the third of Eqs. {i) shows that the 
stress in the lower chord varies directly as the resultant moment 
of the external forces. 

Observing that the P^8 in the second number are constant, 
and differentiating, we have 

^ (^n ^) _ pr _ ^ p 
da 

the second member of which is the same as the second mem 
ber of the second of Eqs. (^), hence the first differential coeffhdeni 
of the moments of the applied forces ^ equals the vertical sheaa^ 
mg stress J both taken m ths sa/me plane. 
If we consider the panel system, 

and let iT = the number of bays in the lower chord ; 
p = the load at each joint ; 
n = the number of the bay considered, counting 
from the end ; 

I = the length of a bay ; and 
we have 7" = i {JST — l)p 
S F=z{n^l)p 

a Px = (?i — 1) J? X i ni! = i (n — 1) npl 
Hence, Eqs. (^) become 
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F,cot = ^ {If - 2 n + l)j> 
i^h = ^■npl{Iir— «) 

. * _n{J S'-n) jpl 

which is essentially the same as £q. (136) ; and 

F^=z^{N''-in + I)p8ec0 
which ifi the value of the second terra of Eq. (128). 

181. — CASE OF A HORizoNTAii bbahe undcr the action oi 
forces which are perpendicular to its axis. 

Returning to Eqs. {e\ let F be the resultant of the internal 
forces at any point Take the origin of co-ordinates at the 
centre of the section, and let x coincide with the axis of the 
beam (or, as before, be perpendicular to the direction of the 
applied forces, the forces being perpendicular to the beam). 

Then the first of Eqs. {e) shows that the algebraic sum of all 
the forces which act along the beam is zero, or, in other words, 
the sum of the compressions equals the sum of the tensions. 
This principle enables us to determine the position of the neutral 
axis. (See " Resistance of Materials.") 

The second of Eqs. {e) shows that the sum of the vertical forces 
in a beam equals the resultant vertical applied forces between 
the section and the end ; and the third shows that the sum of the 
moments of the internal forces equals the sum of the moments 
of the external forces. 

In order to determine the moments of F it is necessary to 
know the law of action of the internal forces. 

One of the principal laws is : — ^the strains vary directly as 
their distance from the neutral axis, and gives rise to the 
expression 

in which li = the modulus of resistance to transverse strains ; 
/ = the moment of inertia of the transverse section; 

and 
d^ = the distance from the neutral axis to the most 
remote fibre. 
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Hence, the third Equation becomes 

Having found -ff, the value of X F cosa may be found from 
the law just given. These cases are fully discussed in the 
Author's " Kesistance of Materials." 

If the forces are applied in the direction of the length of the 
piece, we will have in Eqs. {d) 

« = 0; a = 
^ = 90^; 3 = 90^ 

and the Equations become 

SPy = SFy 

which are applicable to a column under flexure, and other cases 
in wliich the applied and resisting forces are parallel, but not 
coincident. If they are coincident, y = 0, and we have only 
the first of the two Equations remaining, which is directly ap- 
plicable to the elongation and compression of elastic pieces. 
(See " Eesistance of Materials.") 

189. PERFBCTIiT FIiBXIBI^JB STSTBIKS. — ^If a rOpC OF 

other perfectly flexible continuous physical line be secured at 
two points, and loaJed continuously between those points 
according to any law, the flexible string will assume some defi- 
nite curvilinear form. 

When the load is the weight of the string only, the curve ia 
called a " catenary." Sup- 
pose that the string is fixed 
at its extremities, Fig. 121, 
and is acted by any system 
of continuous forces. Take 
the origin of co-ordinates at 
any point as (7: a? and « 
horizontal, and y vertical. 

Let t = the tension at any point, as a ; 
to = the tension at the origin, O; 
Xo = the horizontal component of the tension at (J\ 
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Yo = the vertical component of the tension at the same 

point ; 
Zo = the horizontal component of the tension at the same 

point in a direction perpendicular to osy ; and 
JT, Y and Z, the corresponding components of all the 

applied forces between C and a ; 
% = any portion of the arc, 2A G a. 

Then -^, --^, -— will be the cosines of the angles which 

the curve makes with the resoective co- 
ordinate aids ; and 

t -5— = the component of the tension in the direction of the 

axis of X ; and 

•t --=— , t —T- similar values for the axis z and y ; and 
ds as ^ 

Eqs, (J) become 



m 



as 

cLs 

It may be shown that Eqs. {c) give no new relations for thia 
case, and hence Eqs. {k) are suflScient. These Eqs. are general, 
and would give the form of the curve of the string in all cases 
if the law of action of the forces were known, and the Equations 
could be integrated. 

For instance, if a heavy string were placed in a stream of 
running water, the forces which act upon it would be gravity, 
or the weight of the string, which would be uniform along the 
length of the string (if the string were of uniform size), and the 
force of the running water, the law of action of which might 
aot be known. If, however, we assume that the line joining 
the fixed points is the axis of x and is inclined at an angle of 45° 
with the direction of action of the water, and y is vertical, and 
that the weight of the string is w per unit of length, and thai 



FLEXIBLE BYBTEMB. 237 

the pressure of the watei is p on each unit of length of the 
projection of the string upon a plane which is perpendicular to 
the axis of the stream ; then Eqs. (A) become 



008 4:5' 



'j> / COS (45^ + cos -gr) ^ ■*" ^^'^^'da "^ ^ 

Jo 



+ WS+ To-ht-^ = 



008^5* 



/8 ^ Ids d& 

COS (45^ + cos -^) ds + ZSt-^ = 



which are the differential Equations of the curve. 



1 83. — FORCKS IN A piiANK. — If the applied forces are all 
in a plane, let xy be that plane ; then Eqs. {k) become 

dx 
'd^ 



X + Xo + ^ -^ = 







Y+ Yo + t-^ = 

ds 

If the applied forces are normal to the arc, the tension on the 
string will be uniform throughout ; for there will be no tangen- 
tial component among them to change the tension* 

Let j9 = the force applied at any unit of length of the arc, 
which may be constant, or vary as some function 
of the arc ; and 
P = the total force applied to the arc. 

Then generally 



y* = / j>ds; 
audX=r / j>d8(—\; taid 
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Hence, Eqs. (t) become 



^= A*(S) 




da 



as 



Differentiatmg these, gives 

j>dx + ^rf(J)==0 

pdy + td(^=0 
Squaring these, and adding, gives 

'■=^[(^(1))^ (-(!))■] =r 

in which p is the radius of curvature at the point whose co-oidi- 
nates are x and y. 

This becomes 

t 

that is, the rad4,u8 of cv/rvature of a normaUy pressed a/rc, 
va/ne% mverady as the jpreaav/re per unit of length at thM 
point. But as in such cases the pressure is not uniform over 
the whole length of the unit, we should say that it is what the 
pressure would be per unit of length if the pressure were the 
same that it is at the point considered. 

If the aic is a circle, p is constant, and hence the pressure is 
constant. 

If now the origin of co-ordinates be taken at the lowest point 
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of the curve, or where it is horizontal, we shall have Zi, = 0, 
and Eqs. {t) become 

dx 
"57 



X+ X^ + t^= 



as 

And if all the applied forces are vertical, X will be zero, and 
we have 



as 



(m) 



From the first of Eqs. (m) we have 

den 

^ -T- = -^To = ^o ^o being the tension at the lowest point)^ 

that is, the horizontal coniponent of the tension is constant and 
equal to that at the lowest point. 
From the second we have 

as 

that is, the vertical component of the tension equals the total 
load between the lowest point and the point where the tension 
is considered. 

The form of the curve in these cases can readily be found 
when the law of the loading is known. 

EXAMPLB 1. If the load be uniform over the homontal^ as is praotioaU| 
the case with the sospensioii bridge, we have 

F = w« 

In which w is the load per unit of leng^th ; and E<|s. (m) become 

d8 • 

Dinding the latter by the former gives 

dp _ wai 



240 GSNBBAL FBOBLEM OF 

Integrating onoe gives 

^ *' -t, = a? + {C = 0) 



to 

which is the Equation of the common paiaboU. As to enters into the para 
meter only, we see that the tension at the lowest point will always be the same 
for the same parameter and load per nnit pf length. In this respeot the ten- 
sion at the lowest point is independent of the span. 
We also have 



t=u-^=to "^^^^^y =uji+ "^ 



da da yt da^ 



= Uy/ 



= ^\/ 



1 + 



to' 

which gplves the tension at any point of the carve. The tension at the lowest 
point may be found by substituting the co-ordinates of the other eztremily. 

2. If the load is a- continuous functiou of the length of the are, we have 

Kud Eqs. (m) become 

dx 
1-— = to 
ds ^ 

t -^ = to« 

dA 

' ' dx to 
Differentiating gives 



t„ "* Y ^ da? 

t. 



V cfaj* 



The first integral 



f-""^-''[i*'/^] 



iff 

-r- X 
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'«'i^'-si 



or, 

wliich rednoed gives 



whibh integrated gives 



[y-rn 



« w 



=*^[ /• .:"'']. (--y 



« w ■ 



.^[ '^'->] 



= 4.^ 



1 S4. — AN iNTERSB PROBiiBM. — If the form of the curve ia 

known, we may determine the law of loading so that it shall be 

a curve of equilibrium ; or, in other words, the resultant of all 

the forces at any point shall be in the direction of a tangent to 

the curve at that point. 

Suppose that the loading is of uniform density, and that the 
increase or decrease, as the case may be, of the pressures is 

caused by variations in the depth of the loading. 

Let d = the depth of the loading at the origin ; 

Z = the depth at any other point ; and 

S = the weight per unit of volume of the loading. 

Then Eqs. (m) become 

ds 



t^=^u 



t^J = ifZdx 



ds 
Dividing the latter by the former gives 

dx to 

IXfferentiating gives 
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We know that 

i 



(}^%) 



in which p is the radius of curvature, and i = the angle which 
the curve makes with the axis of x. 
Combining the preceding Equations gives 

. S p 
At the origin we have p =: p^; i z= 0; and Z =^d. 

.'.d=^OT^=:dpo 

O.po ' . 

„ J eecH 
.\ Z = a p* 

P 

EzAifPLS. 1. — ^If the carve is the aio of a oizGle, p =^ po and we have Z =. 

At the extremity of the quadrant we have 

i = 90'.-.Z=ao 

Henoe it is practically impossible to make a fall-centred arch a carve of 
eqailibrium. 

2. Let the carve be a parabola. 
Then we have 

for the Equation of a parabola, and 

Hence, by sabstitation we find 

or the depth of the loading must be constant, or nniformly distribatod over th€ 
■pan, as was assomed in the first example of the preoeding article. 

THB EHIX 
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DEM0N8TBA.TI0KB OF A CEBTAIK GBAFHICAL SOLUTIOir. 




Ncie referred to <m Page 56. Suppose that several forces are applied at each 
of the angles of the triangle ABG^ Fig. 122, and are in equilibrium among 
themselves. Let Pi, Pa and Ps, be the resultants 
respectively of the several forces which are 
applied at the several angles as shown. These 
forces being in equilibrium may be represented 
in magnitude and direction by the sides of a 
triangle, as a, 6, 6, Fig. 123. Since the forces 
at (7, Fig. 122, including the strains in the 
bars, are in equilibrium, l^iey may be repre- 
sented in magnitude and direction by the three 
sides of a triangle. In Fig. 123, draw the lines 
1 and 2 from the extremities of Pi, parallel to 1 
and 2 in Fig. 122, and they will meet in some 
point VM 0. The lines Oo and Oa will represent 

the strains in the sides 1 and 2 of Fig. 122. In a similar way, the forces 2, 
Ps and 3 being in equilibrium at B, Fig. 123, we draw from 0, Fig. 123, the 
Une Ob, parallel to BA, and it must intersect eb at 5, the 
intersection of the lines Ps and Pa. 

We thus see that the radial lines drawn from the point 
0, parallel to the sides of the triangle ABC, to the angles 
of the triangle which represent the external forces, repre- 
sent the strains upon those sides. The same is true when 
the forces are applied at the angles of a polygon and are 
in equilibrium. Hence we have this : 

Theobem. W7ien the farces toldeh are applied at the Fni.iss. 

angles of a polygonal frame, a/re in equilibrium among theTn^ 
%dte8, we find the strains upon the several pieces which form the contour of th4 
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frame^ hy dratoing radial Unes from a/ny paint paraUd to H^e sides of the fntme , 

and cutting those Unes by others whxh are paraUtl 
to the direction of the forces^ and whose successive 
intersections are on the successive radial Unes. 
Hie distances so cut off on the radial Unes wiU 
represent the strain on the corresponding Unes of 
the polygon. 

If Uie applied forces are parallel to each 
other the construction becomes yery simple, aa 
showB in Fig. 40, page 55, and Fig. 41, page 
66. 
Fro. 1S4 This method ma/ be applied to internal tmM 

fa* 
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TABLE 
Hf ths Meehanioal Properties qf the Material of^ OonstrueUon, 



NoTB.— The oapitalB afllxad to fhe nmnben in thla table refer to the foQowing anthorltiet N- 



6. Barlow. Beport of the Ornntniarioniffa of 
the Navy, eta. 
Be. Bevan. 
Bn. Bnohanan. 
Br. Belidor, Arch. Hydr. 
Bra. BraneL 
0. Oouch. 
GL Clark. 
D. Darcel, Annales for 18B8. 

D. W. Daniell and Wheatstone. Beport (m 
the stone for the Hooaea of Parliament. 

E. Eads. 

F. Fairbairn. 

G. Grant. 
H. HodgUnaon. Beport to the British Aaao- 

dation of Scienoe, etc. 

Ha. HasweU. Bng. and Ueoh. Pooket-Boolc, 
1809. 

J. Jgnrnal of Franklin Inatitate, toL XTX., 
^461. 

K. Kirwan. 



Introd. ad FhJL N«t»L 



Ki. Kirkeldy. 
La. Lam6. 
H. lOflchembroeck, 
Ma.HaUet. 
Mi. Hitia. 
ICoahet. 
Oolonel Padey. 

Bondelet. L^Art de B&tir, IV. 
Boebling. 

Bennie. PhiJa. Xrana., etc. 
Btyfle. On Iron and SteeL 
Thompson. 



Mt. 
Pa. 
B. 
Bo. 
Be. 
B. 
T. 
Te. 
Tr. 
Iron. 
W. Watwn. 
Wa. Major Wade. 
Wn. WiUdnaon. 



Telford. 
Tredgold. 



Eaaay on the Streogthol Oail 



* Oalcolated from the cocperlmenta ol Ftelr- 
bairn and Hodgkinaon. 



Naxb or Matebiau. 



Iron, 
Catt Iron. 



Old Park 

Carron, No. S-^ 

Cold Blast.. 

Hot Blast... 
Carron, No. &— 

Cold Blast.. 

Hot Blast... 



METAia. 

Antimony — 

Cast 


881.26 


Bismuth 


618.87 


Brass— 

Cast 


625.00 


Wiro-drawn 


634.00 


Copper- 
Cart 


637.93 


Sheet. 

Wire-drawn 


649.06 
560.00 


In Bolts 








^1 



441.63 
440.87 

448.87 
441.00 



8* 



1,066 M. 
8,250 M. 

17,968 Be. 



19,073 
82,184 
61,228 
48,000 



16,688 H. 
13,506 H. 

14,200 H. 
17.776 H. 




10,804 Be. 
29,272 Be. 



106,875 H. 
108,640 H. 

116,442 H. 
ia%440 H. 



II 



f4 



48,240 T. 

88,666 H. 
87,608 H. 

86,060 F.* 
42,687 F.* 




9,170,000 
14,280,000 



18,014,400 T. 

17,270,600 H.« 
16,085,000 H.« 

16,246,966 F. 
17,878,100 F. 
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TABLE. — Caniinued. 



ov Katekujs. 



Iron, 
Coat Iron, 

DeTon, No. 8 — 

Gold Blast 

Hot Blast 

BnS^tjj No. 1 — 

Cold Blast 

Hot Blast 

3oed Talon, No. S~ 

Cold Blast 

Hot Blast 

Elsicar. No. 1 — 

Gold Blast 

Kilton, No. 1— 

Hot Blast 

Mulrldrk, No. l-~ 

Cold Blast 

Hot Blast 

Morris Stirling^ s Sd quality. 
Gun Metal — 



u 



_i3 



8- 

i 



•i 

h 



American , 

Bztra Specimens. 



Hammered Cast Steel, from 

F. Krupp 

Tempcsred 

Bessemer Steel, from Hdgbo, 

marked 10 , 

BesMemer Steel, Eng. Mean of 

four Experiments 

NayloT, Yickers & Ca Cbiici- 

ble Steel 

Mushet's Steel- 
Soft 

Cast Steel- 
Soft 

Not Hardened 

Mean Temper. 

Bazor Tempered 

Steel Wire Rope- 
Pine Wire 

Chrome Steel , 



465.98 
461.81 

44S.48 
487.87 

484.06 
486.60 

488.87 

486.00 

444.66 
434.66 









id 



686.00 



S»,107H. 

17,466 H. 
18,484 H. 

18,866 H. 
16,676 H. 



96,764 



\ 



Wrougki Iron, 



Bngttsh 

In Ban , 

Hammered 

BuBsian 

Swedish, in ban , 

Bngliah, in wire 1-10 

diam*.... ........... 

Bimrian. in wire ; diim. 1-SO 

tol<80 inch 



inch 



485.87 
488.70 
492.60 
486.86 



490.00 



481.90 
476.60 
487.00 



91,000 tg 
129,000 f **• 
171,000 S. 

140,945 S. 

88,416 P. 
108,099 P. 

93.616 P. 
190,000 



146,486 H. 

98,866 H. 
86,897 H. 

81,770 H. 
82,739 H. 



h 
II 



i0i 



119,000 



14,000 
to 
84,000 Wa. 
46,970 Wa. 



86,288 H.* 
43,497 H.* 

87,608 H.* 
86,316 H.* 

83,463 P.* 
83,696 H.* 

84,687 P.* 

99,889 P.* 

86,698 P.* 
83,860 P.* 






160,000 

40,000 -Ba 
196,000 



67,800 La. 
67,300 La. 

67,200 Bra. 

60,480 La. 

71,680 B. 

80,000 Te. 

96,000 T^ 
134,000 La. 
908,00r)lA. 



926,668 P. 
996,668 P. 



t 



> • • • • • ' 



92,907,700 H. 
22,478,660 H. 

16,381,200 H. 
13,780,600 H. 

14,818,600 P. 
14,322,600 P. 

13,961,000 P. 

11,974,600 P. 

14,003,660 P. 
18,294,490 P. 



27,648,000 Wa 



196,944 Wa. 
891,966 Wa. 



81,369,000 B. 

31,819,000 B. 
29,216,000 P. 
30,278,000 P. 
81,901,000 P. 

99,000^000 



B 



4 
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TABLE.— Continued. 



ISAUXB OF ILlTXBlALB. 



^1 



TTro^orAt Jron. 

Boiled In eheets and ont cross- 
wise 

Gnc lengthwise 

In chains, oval links, iron ^ 
in. diam 

Wire, American 

Lake Superior and Iron 
Mountain Charcoal BIooqi. 

Missouri Iron, bar 

Tennessee, bar, 21 exp 

Salisbury, Ct., 40 exp 

Centre Co., Pa., 15 exp 

Phillipsburgh Wire, Pa. 

I 0.383 in., 13 exp. . . 

Diam.-< 0.190 in., 6 exp.... 

' 0.156 in., 5 exp.... 

Mean of 188 rolled bars 

Mean of 167 platefl length- 
wise 

Mean of 160 plates crosswise. 

Low Moor, bars 

Swedish, forged 

Hammered Bessemer Iron, 
from HOgbo 

Low Moor Boiled Paddled 
Iron 

Boiled Iron, Swedish, cluuv 
coal heath 



7 
fin 

Jl 



Lead, cast, English. 
Lead Wiro 



Silver, standard. 

Tin, cast 

Zi2io 



BTOMS— KATURAIi AMD AbTI- 

nciAL. 
OranUes, 



Aberdeen, bine 

Cornish 

Killincy, very felspathic . 
Mount SorreU, gnuoite. . . . 



Sandstonett 

Caithness Pavement , 

Dundee Sandstone , 

l>erby Grit, a red, friable 

Sandstone 

I>o. from another quarry. . 

Limutonst. 

UmestMic, Magnesian (Giaf- 
ton, BL) 



T17.46 
705.12 

644.60 

466.68 

489.26 



40,820 ML 
81,360 ML 

48,160 Br. 

73,600 Ha. 

90,000 Ha. 
47,909 J. 
52,099 J. 
58,009 J. 
68,400 J. 

84,186 J. 
78,888 J. 
89,162 J. 
67,557 Ki. 

60,737 Ki. 
46,171 ZL 
60,864 Ki. 
[ 41,000 Ki. 
50,000 Ki. 



§1 



Bib 





164 
166 



166 



66,000 8. 

1,824 Be. 
2,681 M. 

40,902 M. 

6,822 m. 



168 

148 
166 



} 



10,914 Ba. 
6,866 Be. 
10,780 Wn. 
12,286 F. 



61,498 Bn. 
6,680 Be. 

8,142 Be. 
4,845 Be. 



17,000 b. 



a 



I 



82,320,000 8. 
81,976,000 a 
27,000,000 a. 



4,606,000 Te. 
18,680,000 !nr. 



{ 



BtaxMtmWU 
Iron. B. 
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TABLE.— CanHntMd. 



JXammm or ILlxbbiaxa 



XltlMftOM*. 

UmestoDe, oompact. 

Limastone, Kerxy, Liatowel 

Qoany, Bng , 

Ohalk , 



Other SionM, 

Alabaster (OrientalX white.. 

Marble, statuary 

Do. white Italiui, Teined . 
Do. black Oalloway 

Portland Stone (Oolite) 

Valentia, Kerry (slate stone). 

Oreen Stone, from Giuit^s 
Oanaeway 

Quartz Bock, Holyhead 
(across lamination). 

Qnartz Rock (parallal to lami- 
nation) 

Gravel 

Green Moor 



Ari^^leka Stons, 



Brick, ni , 

Brick, pale red 

Brick, common 

Blre Brick, Stourbridge. .... 

Brick, Stock 

Bricks set in oement (bridks 
not very hard) 

Brick Masonry, common.. . , 



Dement, Portland, with aand. 

Cement, Portland, with no 
sand 



Cement, Portlaiid, 

Chalk 

Glaaa, Plate 



Mortar 



Icacia, Bnglisb. 

Alder 

Apple Tree. 



A .K i Ordinary state. 
"°1 Very dry 



Bay Tree. 

Bean, Tonquin.... 






188 



17D 



166 

les 

161 



190 
168 



188.6 
180.81 



116.81 
188.81 

107 



47.87 
60.00 
49.66 
48.19 
66.81 
61.87 
67.61 
68.87 
4B.1S 




800 



\ 



98 to 
884 D. 



(497 to 
1711 



9,490 
60 



16,000 Be. 
14,186 M. 
19,600 Be. 

[ 17,907 B. 

19,896 




16,784 B. 
17,860 B. 



7,718 Be. 

18,048 Wn. 
601 Be. 



f 



8,916 Be. 
9,681 Be. 
9,819 Be. 
8,798 Re. 
10,948 Wn. 

17,990 Wn. 

96.600 Ma. 

14,000 Ma. 

9,010 Be. 



808 Re. 

669 Re. 

j 800to 

14,000 Ha. 

1,717 Re. 

9,177 Ha. 

691 GL 
j 600to 
1 800na. 



(1,000 to 
16,900 G. 

884 Be. 



190 to 
940 Ha. 



6,869 H. 

8,683 H. 
9,868 H. 
7,168 H. 



7,738 H. ♦ 
9,863 H. I 



} 



II 
II 



f4 




1,069 
9,664 



96,900,(00 T. 



11,909 B. 



I 18,166 B. 

90,886 B. 
9,886 B. 



1,168,000 a 



1,644 800 b. 

9,601,600 & 
1,888,600 & 



APPENDIX. 



219 



TABLE.^ Continued. 



K 



or Maxbbiaza. 



TlMBBB. 



Birch, oommon 

Birch, American 

Box, dry 

Bullet Tree (Berbice).. 

Caiie 

Oedar. Oanadian 

Crab Tree 

Deal— 

Christiana Middle. 
Norway Spruce.. « 

English 

Bed 

White 

Elder 

Elm, seasoned. •• 

Fir- 
New England..... 



Riga.. 



Hazel , 

Lance Wood , 

Larch — 

G-reen 

Dry 

Lignum-vitsB 

Mahogany, Spanish. 

Maple, Norway 

Oak- 



English. 



Canadian 



Dantgdc , 

Adriatic 

African Middle... 

Pear Tree 

Pine- 
Pitch 

Bed 

American Yellow. 



PInmTree.. 



Poplar .|. . . . 

Teak, dry.. 

Walnut 

Willow, dijr. 



§1 

^1 



49.60 

40.60 
60.00 
64.81 
26.00 
66.81 
47.80 

48.63 
31.36 
39.87 



48.48 
86.76 

84.66 

47.06 

68.76 
68.87 

83.68 
86.00 
76.36 
60.00 
49.66 

68.87 

64.60 

47.34 
63.06 
60.75 
41.81 

41.36 
41.06 
38.81 

49.06 

38.98 

41.06 
41.98 
84.87 




1^000 
*i9,'891B.' 



6,800 Be. 
11,400 Be. 



13,400 

17,600 

7.000 



10,330 
18.489 M. 



j 11,549 to 
"i 12,857 B. 

18,000 Be. 

84,696 

10,330 B. 
8,900 B. 
11,800 M. 
16,600 
10,684 

17,800 M. 

10,868 
13,780 



7,818 M. 



11,361 

7,300 

16.000 B. 
8,180 M. 
14,000 Be. 
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j 4,688 H.) 
1 6,403 H.f 
11,668 H. 
10,399 H. 



6,674 H. 
6,499 H. 



6,748 H. 

6,741 H. 

8,467 H. 

10,881 H. 



6,748 to 
6,686 H. 



8,301 H. 
6,668 H. 

8,198 H. 



(4,684 to 
1 9,609 H. 
(4,331 to 
1 9,609 H. 



7,618 H. 



6,876 H. 

6,445 H. 
(8,667 to 
' 9,307 H. 

8,107 to 

' 6,134 H. 

13,101 H. 

6,636 H. 



la 
II 



;qS 



10,930 B. 
9,634 a 

U^686B. 



9,864 B. 



6,078 B. 

6,613 B. 
6,648 B. 
7,673 B. 



4,993 B. 
6,894 B. 



10,083 B. 

10,696 B. 

8,748 B. 

8,398 B. 

18,666 B. 



9,793 
8,946 B. 



14,733 a 




1,663,400 a 
1,357,600 a 

8,610,600 a 



1,673,000 a 



699,840 a 

3,191,800 E, 
1,338,800 
869,600 B. 



897,600 a 
1,053,800 a 



1,461,800 B. 

8,148,800 B. 

1,191,300 B. 

974,400 B. 

8,383,300 a 



1,335,600 B. 
1,840,000 B. 
1,600,000 Te 



3,414.400 a 
806,000 



SHORT-TITLE CATALOGUE 

OP THE 

PUBLICATIONS 

OP 

JOHN WILEY & SONS, 

New York. 
London: CHAPMAN & HALL, Limitbd, 

ARRANGED UNDER SUBJECTS. 



Descriptive circulars sent on application. 

Books marked with an asterisk are sold at net prices onlj. 

All books are bound in cloth unless otherwise stated. 



AGRICULTURE. 

Cattlb Feeding — Diseases op Animals — Gardenino, Etc. 

Armsby's Manual of Cattle Feeding 12mo, f 1 75 

Downing's Fruit and Fruit Trees 8vo, 5 00 

Kemp's Landscape Gardening 12mo, 2 50 

Stockbridge's Rocks and Soils 8vo, 2 50 

Lloyd's Science of Agriculture 8vo, 4 00 

Loudon's Gardening for Ladies. (Downing.) 12mo, 1 50' 

Steel's Treatise on the Diseases of the Ox 8vo, 6 00^ 

" Treatise on the Diseases of the Dog 8vo, 3 50» 

Grotenfelt's The Principles of Modern Dairy Practice. (Woll.) 

12mo, 2 00 

ARCHITECTURE. 

Building — Carpentry— Stairs, Etc. 

Berg's Buildings and Structures of American Railroads 4to, 7 50 

Birkmire's Architectural Iron and Steel 8vo, 8 50 

" Skeleton Construction in Buildings 8vo, 3 00 

X 



12 00 


3 00 


3 00 


2 50 


4 00 


5 00 


5 00 


4 00 


1 00 


2 00 


2 50 


75 


1 25 


2 50 



Birkmire's Compound Riveted Girders 8yo, 

American Theatres— Plamiing and Construction. 8vo, 

Carpenter's Heating and Ventilating of Buildings 8vo, 

Preitag's Architectural Engineering Syo, 

Kidder's Architect and Builder's Pocket-book Morocco flap, 

Hatfield's American House Carpenter 8vo, 

*' Transverse Strains 8vo, 

Monckton's Stair Building — "Wood, Iron, and Stone 4to, 

Gerhard's Sanitary House Inspection 16mo, 

Downing and Wightwick's Hints to Architects 8vo, 

" Cottages 8vo, 

Holly's Carpenter and Joiner 18mo, 

Worcester's Small Hospitals- -Establishment and Maintenance, 
including Atkinson's Suggestions for Hospital Archi- 
tecture 12me, 

The World's Columbian Exposition of 1893 4to, 



ARMY, NAVY, Etc. 

MiLiTABT Engineering — Ordnance — Port Charges, Etc. 

Cooke's Naval Ordnance 8vo, f 12 50 

Metcalfe's Ordnance and Gunnery 12mo, with Atlas, 5 00 

Ingalls's Handbook of Problems in Direct Fire 8vo, 4 00 

" Ballistic Tables 8vo, 1 50 

Bucknill's Submarine Mines and Torpedoes 8vo, 4 00 

Todd and Whall's Practical Seamanship 8vo, 7 50 

Mahan's Advanced Guard 18mo, 1 50 

" Permanent Fortifications. (Mercur.).8vo, half morocco, 7 50 

Wlieeler's Siege Operations 8vo, 2 00 

Woodhull's Notes on Military Hygiene 12mo, morocco, 2 50 

Dietz's Soldier's First Aid 12mo, morocco, 1 25 

Young's Simple Elements of Navigation.. 12mo, morocco flaps, 2 50 

Heed's Signal Service .^ 50 

Phelps's Practical Marine Surveying 8vo, 2 50 

Very's Navies of the World 8vo, half morocco, 8 50 

Bourne's Screw Propellers 4to, 5 00 

12 
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Bunter's Port Charges 8vo, half morocco, $13 00 

"* Dredge's Modern French Artillery 4to, half morocco, 20 00 

*' Record of the Transportation Exhibits Building, 

World's Columbian Exposition of 1893. .4to, half morocco, 15 00 

Mercur's Elements of the Art of War 8vo, 4 00 

Attack of Fortified Places 12mo, 2 00 

Chase's Screw Propellers 8to, 3 00 

Winthrop's Abridgment of Military Law 12mo, 2 50 

De Brack's Cavalry Outpost Duties. (Carr.). . . .18mo, morocco, 2 00 

Cronkl^^te's Gunnery for Non-com. Officers. . . ,.18mo, morocco, 2 00 

Dyer's Light Artillery 12mo, 3 00 

^Sharpe's Subsisting Armies 18mo, 1 25 

" *' *' 18mo, morocco, 150 

Powell's Army Officer's Examiner 12mo, 4 00 

Hoff's Naval Tactics 8vo, 1 50 

.Brufi's Ordnance and Gunnery 8yo, 6 00 

ASSAYING. 

SliBLTING— ObK DRESBINa— AliLOYB, EtC. 

J'urman's Practical Assaying 8vo, 3 00 

Wilson's Cyanide Processes 12mo, 1 50 

Fletcher's Quant. Assaying with the Blowpipe.. 12mo, morocco, 1 50 

Ricketts's Assaying and Assay Schemes 8yo, 3 00 

* Mitchell's Practical Assaying. (Crookes.) 8vo, 10 00 

Thurston's Alloys, Brasses, and Bronzes 8vo, 2 50 

Kunhardt's Ore Dressing 8vo, 1 50 

O'Driscoll's Treatment of Gold Ores 8vo, 2 00 

ASTRONOMY. 

Practical, Thkorbtical, and Descriptive. 

Michie and Harlow's Practical Astronomy 8vo, 3 00 

White's Theoretical and Descriptive Astronomy 12mo, 2 00 

Doolittle's Practical Astronomy 8vo, 4 00 

•Craig's Azimuth 4to, 8 50 

*Gore*s Elements of Geodesy 8va, 2 50 

3 



BOTANY. 

Gardening fob Ladies, Etc. 

Westermaler's General Botany. (Schneider.) Syo, $2 00 

Thome's Structural Botany ISmo, 2 25 

Baldwin's Orchids of New England 8yo, 1 50 

Loudon's Ghirdening for Ladies. (Downing.) 12mo, 1 50 

BRIDGES, R00P5» Etc. 

Cantilever— HiGHWAT--StrBPBNSioKr. 

Boiler's Highway Bridges 8vp, 2 00 

* '* The Thames River Bridge • 4to, paper, 6 00 

Burr's Stresses in Bridges Svo, 8 50 

Merriman & Jacoby's Text-book of Roofs and Bridges. Part 

L, Stresses 8vo, 2 50 

Merriman & Jacoby's Text-book of Roofs and Bridges. Part 

IL, Graphic Statics.. 8vo, 2 50 

Merriman & Jacoby's Text-book of Roofs and Bridges. Part 

III., Bridge Design 8vo, 5 00 

Merriman & Jacoby's Text- book of Roofs and Bridges. Part 

IV., Continuous, Draw, Cantilever, Suspension, and 

Arched Bridges {In preparation). 

Crehore's Mechanics of the Girder 8vo, 5 00 

Du Bois's Strains in Framed Structures 4to, 10 OO 

Greene's Roof Trusses • 8vo, 1 25 

Bridge Trusses 8yo, 2 50 

Arches in "Wood, etc. 8vo, 2 60 

Waddell's Iron Highway Bridges .8vo, 4 00 

Wood's Construction of Bridges and Roofs 8vo, 2 00 

Foster's Wooden Trestle Bridges 4to, 5 00 

* Morison's The Memphis Bridge Oblong 4to, 10 00 

Johnson's Modern Framed Structures 4to, 10 00 

CHEMISTRY. 

Qual;tative--Quantitative--Organic— iNORaANio, Etc. 

Fresenius's Qualitative Chemical Analysis. (Johnson.) 8vo, 4 00 

" Quantitative Chemical Analysis. (Allen.) 8vo, 6 00 

" " " '* (Bolton.) 8vo, 150 






Crafts's Qualitative Analysis. (Schaeffer.) 12mo, 

Perkins's Qualitative Analysis 12mo, 

Thorpe's Quantitative Chemical Analysis • 18mo, 

Classen's Analysis by Electrolysis. (Herrick.) 8vo, 

Btockbridge's Rocks and Soils 8vo, 

O'Brine's Laboratory Guide to Chemical Analysis 8vo, 

Mixter's Elementary Text-book of Chemistry , 12mo, 

Wulling's Inorganic Phar. and Med. Chemistry 12mo, 

Mandel's Bio-chemical Laboratory 12mo, 

Austen's Notes for Chemical Students 12mo, 

fichimpf s Volumetric Analysis 12mo, 

Hammarsten's Physiological Chemistry (Mandel.) 8vo, 

Miller's Chemical Physics 8vo, 

Pinner's Organic Chemistiy. (Austen.) 12mo, 

Xolbe's Inorganic Chemistry 12mo, 

Ricketts and Russell's Notes on Inorganic Chemistry (Non- 
metallic) Oblong 8vo, morocco, 

Drechsel's Chemical Reactions. (Merrill.) 12mo, 

Adriance's Laboratory Calculations 12mo, 

Troilius's Chemistry of Iron 8vo, 

Allen's Tables for Iron Analysis 8vo, 

Nichols's Water Supply (Chemical and Sanitary). .8vo, 

Mason's " .. " » 8vo, 

Spencer's Sugar Manufacturer's Handbook- 12mo, morocco flaps, 

Wiechmann's Sugar Analysis . . 8vo, 

" Chemical Lecture Notes 12mo, 

DRAWING. 

Elembntabt — Ghometrical — Topographical. 

Hill's Shades and Shadows and Perspective 8vo, 

Mahan's Industrial Drawing. (Thompson.) 2 vols., 8vo, 

MacCord's Kinematics 8vo, 

Mechanical Drawing 8vo, 

Descriptive Geometry 8vo, 

Reed's Topographical Drawing. (II. A.) 4to, 

Smith's Topographical Drawing. (Macmillan.) 8vo, 

Warren's Free-hand Drawing 12mo, 
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$1 50 


1 00 


1 50 


8 00 


2 50 


2 00 


1 50 


2 00 


1 50 


1 50 


2 50 


4 00 


2 00 


1 50 


1 50 


75 


1 25 


1 25 


2 00 


8 00 


2 50 


5 00 


2 00 


2 50 


3 00 


2 00 


3 50 


5 00. 


4 00 


3 00 


5 00. 


2 50 


1 00 
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Warren's Drafting Instruments 12mo, $1 2^ 

Projection Drawing 12mo, 1 50 

Linear Perspective 12mo, 1 00 

Plane Problems , 12mo, 1 25 

Primary Greometry 12mo, 75 

Descriptive Geometry 2 vols., 8vo, 3 50 

Problems and Theorems 8vo, 2 50 

Machine Construction c 2 vols., 8vo, 7 50 

Stereotomy — Stone Cutting. Svo, 2 50 

Higher Linear Perspective Svo, 3 50 

Shades and Shadows Svo, 3 00 

Whelpley's Letter Engraving 12mo, 2 00 

ELECTRICITY AND MAQNETLSM. 

Illumination-- BATTEBTES—PHTfiics. 

* Dredge's Electric Illuminations 2 vols., 4to, half morocco, 35 OO 

Vol. n 4to, 7 50 

Niaudet's Electric Batteries. (Fishback. ) 12mo, 2 50 

Anthony and Brackett's Text* book of Physics Svo, 4 00 

Cosmic Law of Thermal Repulsion ISmo, 75 

Thurston's Stationary Steam Engines for Electric Lighting Pur- 
poses 12mo, 1 50 

Mlchie's Wave Motjon Relating to Sound and Light, Svo, 4 00 

Barker's Deep-sea Soundings Svo, 2 00 

Holman's Precision of Measurements Svo, 2 00 

Tillman's Heat Svo, 1 50 

Gilbert's De-magnete. (Mottelay.) Svo, 2 50 

Benjamin's Voltaic Cell Svo, 8 00 

Reagan's Steam and Electrical Locomotives 12mo 2 00 

ENQINEERINQ. 

Civil — Mechanical— ^Sanitaky, Etc. 

* Trautwine's Cross-section Sheet, 26 

* " Civil Engineer's Pocket-book... 12m o, mor. flaps, 5 00 

* " Excavations and Embankments Svo, 2 00 

* '* Laying Out Curves 12mo, morocco, 2 50 

Hudson's Excavation Tables. Vol. 11 Svo, 1 0(V 
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Searles's Field Eugineering 12mo, morocco flaps, |8 00 

" Railroad Spiral 12mo, morocco flaps, 1 60 

€k>d win's Railroad Engineer's Field-book. 12mo, pocket-bk. form, 2 50 

Butts's Engineer's Field-book 12mo, morocco, 2 50 

Gore's Elements of Goodesy 8to, 2 60 

Wellington's Location of Railways 8vo, 5 00 

* Dredge's Penn. Railroad Construction, etc. . . Folio, half mor., 20 00 
Smith's Cable Tramways 4to, 2 50 

** Wire Manufacture and Uses 4to^ 8 00 

Mahan's Civil Engineering. (Wood.) 8yo, 5 00 

Wheeler's Civil Engineering 8vo, 4 00 

Mosely's Mechanical Engineering. (Mahan.) 8vo, 6 00 

Johnson's Theory and Practice of Surveying. 8vo, 4 00 

" Stadia Reduction Diagram. .Sheet, 22i X 28i inches, 60 

* Drinker's Tunnelling 4to, half morocco, 25 00 

Eissler's Explosives — Nitroglycerine and Dynamite 8vo, 4 00 

Foster's Wooden Trestle Bridges 4to, 5 00 

Ruffner's Non-tidal Rivers 8vo, 1 25 

Greene's Roof Trusses 8vo, 1 25 

Bridge Trusses 8vo, 2 50 

Arches in Wood, etc 8vo, 2 50 

Church's Mechanics of Engineering— Solids and Fluids 8vo, 6 00 

" Notes and Examples in Mechanics 8vo, 2 00 

Howe's Retaining Walls (New Edition.) 12mo, 1 25 

Wegmann's Construction of Masonry Dams 4to, 5 00 

Thurston's Materials of Construction 8vo, 5 00 

Baker's Masonry Construction 8vo, 5 00 

" Surveymg Instruments 12mo, 3 00 

Warren's Stereotomy — Stone Cutting 8vo, 2 50 

Nichols's Water Supply (Chemical and Sanitary) 8vo, 2 60 

Mason's " *' " ** *' 8vo, 5 00 

Gerhard's Sanitary House Inspection 16mo, 1 00 

Kirkwood's Lead Pipe for Service Pipe 8vo, 1 50 

Wolff's Windmill as a Prime Mover •ISvo, 8 00 

Howard's Transition Curve Field-book 12mo, morocco flap, 1 50 

Crandall's The Transition Curve 12mo, morocco, 1 50 
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CrandaU's Earthwork Tables .8vo, |1 50 

Patton's Civil Engineering 8vo, 7 50 

" Foundations 8vo, 5 00 

Carpenter's Experimental Engineering Svo, 6 00 

Webb's Engineering Instruments 12mo, morocco, 1 00 

Black's U. S. Public Works 4to, 5 00 

Merriman and Brook's Handbook for Surveyors. . . .12mo, mor., 2 00 

Merriman's Retaining Walls and Masonry Dams 8yo, 2 00 

*• Geodetic Surveying. , , 8vo, 2 00 

Kiersted's Sewage Disposal 12mo, 1 25 

Siebert and Biggin's Modem Stone Cutting and Masonry. . .8vo, 1 50 

Kent's Mechanical Engineer's Pocket-book 12mo, morocco, 5 00 

HYDRAULICS. 

Watbb-wheels — Windmills — Service Pipe — Drainage,. Etc. 

Weisbach's Hydraulics. (Du Bois.) 8vo, 5 00 

Merriman's Treatise on Hydraulics 8vo, 4 00 

Oanguillet&Kutter'sFlowof Water. (Herlng&Trautwine.).8vo, 4 00 

JN"ichols*s Water Supply (Chemical and Sanitary) 8vo, 2 50 

Wolff's Windmill as a Prime Mover 8vo, 3 00 

J'errel's Treatise on the Winds, Cyclones, and Tornadoes. . .8vo, 4 00 

Xirkwood's Lead Pipe for Service Pipe 8vo, 1 50 

Huffner's Improvement for Non- tidal Rivers 8vo, 1 25 

Wilson's Irrigation Engineering 8vo, 4 00 

Bovey's Treatise on Hydraulics 8vo, 4 00 

Wegmann's Water Supply of the City of New York 4to, 10 00 

Hazen's Filtration of Public Water Supply 8vo, 2 00 

Mason's Water Supply — Chemical and Sanitary 8vo, 5 00 

Wood's Theory of Turbines 8vo. 2 50 

MANUFACTURES. 

Aniline— Boilers— Explosives— Iron—Sugar — Watches- 
Woollens, Etc. 

Metcalfe's Cost of Manufactures 8vo, 5 00 

Metcalf 's Steel (Manual for Steel Users) 12mo, 2 00 

Allen's Tables for Iron Analysis 8vo, 8 00 

8 



lVest'8 American Foundry Pi*actice 12mo, $2 50 

•• Moulder's Text-book 12mo, 2 60 

rSpencer's Sugar Manufacturer's Handbook. . . .12nio, mor. flap, 2 00 

Wiechmann's Sugar Analysis *. .-. 8vo, 2 50 

Beaumont's Woollen and Worsted Manufacture 12mo, 1 50 

* Reisig's Guide to Piece Dyeing .8vo, 25 00 

Eissler's Explosives, Nitroglycerine and Dynamite 8vo, 4 00 

Reimaun's Aniline Colors. (Crookes.) 8vo, 2 50 

Ford's Boiler Making for Boiler Makei-s 18mo, 1 00 

Thurston's Manual of Steam Boilers 8vo, 5 00 

Booth's Clock and Watch Maker's Manual 12mo, 2 00 

Holly's Saw Filing 18mo, 75 

■ Svedelids's Handbook f6r Charcoal Burners 12mo, 1 50 

The Lathe and Its Uses 8vo, 6 00 

Woodbury's Fire Prote<?tion of Mills 8vo, 2 50 

-Bolland's The Iron Founder 12mo, 2 50 

Supplement 12mo, 2 50 

. *' Encyclopaedia of Founding Terms 12mo» 8 00 

Bouvier's Handbook on Oil Painting 12mo, 2 00 

-Steven's House Painting 18mo, 75 

MATERIALS OF ENQINEERINQ. 

Stbenoth — ^Elasticity — Resistance, Etc. 

Thurston's Materials of Engineering 3 vols., 8vo, 8 00 

Vol. I., Non-metallic 8vo, 2 00 

Vol. II., Iron and Steel 8vo, 8 50 

Vol. III., Alloys, Brasses, and Bronzes 8vo, 3 50 

Thurston's Materials of Construction 8vo, 5 00 

Bilker's Masonry Construction 8vo, 5 00 

Lanza's Applied Mechanics 8vo, 7 50 

•* Strength of Wooden Columns 8vo, paper, 50 

Wood's Resistance of Materials 8vo, 2 00 

Wey ranch's Strength of Iron and Steel. (Du Bois.) 8vo, 1 50 

Burr's Elasticity and Resistance of Materials Svo, 5 00 

Merriman's Mechanics of Materials 8vo, 4 00 

•Ohurch's Mechanic's of Engineering — Solids and Fluids 8vo, 6 00 
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Beardslee and Kent's Strength of Wrought Iron « .8vo, $1 60 

Hatfield's Transverse Strains 8yo» 5 OO 

Du Bois's Strains in Framed Structui-es .4to, 10 0(K 

Merrill's Stones for Building and Decoration Svo, 5 (M^ 

Bovey's Strength of Materials 8vo, 7 50^' 

Spalding's Roads and Pavements 12mo, 2 00 

Rockwell's Roads and Pavements in France 12mo, 1 25- 

Byrne's Highway Construction Svo, 5 GO 

Pattou's Treatise on Foundations Svo, 5 OO- 

MATHEMATICS. 

Calculus — Geomstby — Tkigonomktry, Etc. 

Rice and Johnson's Differential Calculus Svo, 3 50^ 

Abridgment of Differential Calculus Svo, 1 50 

Differential and Integral Calculus, 

2 vols, inl, 12mo, 2 50 

Johnson's Integral Calculus , 12mo, 1 50 

Curve Tracing 12mo, 1 00 

Differential Equations — Ordinary and Partial Svo, 8 50 

Least Squares 12mo, 1 50 

Craig's Linear Differential Equations Svo, 5 OO 

Merriman and Woodward's Higher Mathematics Svo, 5 OO- 

Bass's Differential Calculus , 12mo, 

Halsted's Synthetic Geometry Svo, 1 50 

'* Elements of Geometry c.Svo, 175 

Chapman's Theory of Equations 12mo, 1 50 

Merriman's Method of Least £ juares Svo, 2 00 

Compton's Logarithmic Computations 12mo, 1 50 

Davis's Introduction to the Logic of Algebra Svo, 1 50 

Warren's Primary Geometry 12mo, 75 

Plane Problems 12mo, 1 25 

Descriptive Geometry 2 vols., Svo, 8 50 

Problems and Theorems Svo, 2 50 

** Higher Linear Perspective Svo, 8 50 

** Free-hand Drawing l'2mo, 1 OO 

** Drafting Instmments 12ino, 1 d(S^ 
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Warren's Projection Drawing. 12mo, $1 50 

Linear Perspective. 12mo, 1 00 

Plane Problems 12mo, 1 25 

Searles's Elements of Geometry. 8vo, 1 50 

Brigg's Plane Analytical Geometry " 12mo, 1 00 

"Wood's Co-ordinate Geometry 8vo, 2 00 

•• Trigonometry 12mo. 100 

Mahan's Descriptive Geometry (Stone Cutting) 8vo, 1 50 

Woolf s Descriptive Geometry Royal 8vo, 3 00 

Ludlow's Trigonometry with Tables. (Bass.) 8vo, 3 00 

Logarithmic and Other Tables. (Bass.) 8vo, 2 00 

Baker's Elliptic Functions 8vo, 1 50 

Parker's Quadrature of the Circle 8vo, 2 50 

Totten's Metrology 8vo, 2 50' 

Ballard's Pyramid Problem 8vo, 1 50 

Barnard's Pyramid Problem 8vo, 1 50' 

MECHANICS-MACHINERY. 

Text-books and Pbactical Woeks. 

Dana's Elementary Mechanics 12mo, 1 50' 

Wood's " '* 12mo, 1 25> 

" " " Supplement and Key 1 25 

•• Analytical Mechanics 8vo, 8 00 

Michie's Analytical Mechanics 8vo, 4 00 

Merriman's Mechanics of Materials 8vo. 4 00 

Church's Mechanics of Engineering 8vo, 6 00 

" Kotes and Examples iu Mechanics 8vo, 2 00 

Mosely's Mechanical Engineering. (Mahan.) 8vo, 5 00 

Weisbach*s Mechanics of Engineering. Vol. IIL, Part I., 

Sec. L (Klein.) 8vo, 5 00 

Weisbach's Mechanics of Engineering. Vol. III., Part I. 

SecIL (Klein.) ^8vo, 6 00 

Weisbach's Hydraulics and Hydraulic Motors. (Du Bois.)..8vo, 5 00 

•* Steam Engines. (Du Bois.) 8vo, 5 OO 

Lanza's Applied Mechanics dvo, 7 50> 
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Crehore's Mechanics of the Girder. 8yo, |5 00 

MacCord's KiDematics 8yo, 5 00 

Thurston's Friction and Lost Work 8yo, 3 00 

*' The Animal as a Machine 12mo, 1 00 

Hall's Car Lubrication 12mo, 1 00 

Warren's Machine Construction 2 vols., 8vo, 7 50 

Chordal's Letters to Mechanics 12mo, 2 00 

The Lathe and Its Uses 8vo, 6 00 

Cromwell's Toothed Gearing 12mo, 1 50 

Belts andPulleys 12mo, 1 50 

Du Bois's Mechanics. Vol. I., Kinematics 8vo, 8 50 

Vol. IL. Statics 8vo, 4 00 

Vol. III., Khietics .8vo, 8 50 

Dredge's Trans. Exhibits Building, World Exposition, 

4to, half morocco, 15 00 

Plather's Dynamometers 12mo, 2 00 

Rope Driving 12mo, 2 00 

lUchards's Compressed Air 12mo, 1 50 

Smith's Press-working of Metals 8vo, 8 00 

Holly's Saw Filing ; 18mo, 75 

Fitzgerald's Boston Machinist 18mo, 1 00 

Baldwin's Steam Heating for Buildings 12mo, 2 50 

Metcalfe's Cost of Manufactures 8vo, 5 00 

Benjamin's Wrinkles and Recipes 12mo, 2 00 

Dingey's Machinery Pattern Making 12mo, 2 00 

METALLURGY. 

Ibon— Gold— Silver— Alloys, Etc. 

J2gleston's Metallurgy of Silver 8vo, 7 50 

Gold and Mercury 8vo, 7 50 

Weights and Measures, Tables 18mo, 75 

Catalogue of Minerals 8vo, 2 50 

O'Driscoll's Treatment of Gold Ores 8vo, 2 00 

* Kerl's Metallurgy — Copper and Iron 8vo, 15 00 

♦ '* *' Steel, Fuel, etc 8vo, 15 00 
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Thurston's Iron and Steel 8vo, (8 50 

" Alloys 8vo. 2 50 

Trollius*s Chemistry of Iron 8vo, 2 OO 

Kunhardt's Ore Dressing in Europe 8vo, 1 50 

Weyrauch*s Strength of Iron and Steel. (Du Bois.) 8vo, 1 50 

Beardslee and Kent's Strength of Wrought Iron 8vo, 1 50 

Compton*s First Lessons in Metal Working .12mo, 1 50 

West's American Foundry Practice 12mo, 2 50 

" Moulder's Text-book ..12mo, 2 50 



' MINERALOGY AND MINING. 

Mii7B AcciDBKTs— Ventilation— Orb Dbbssing, Etc. 

Dana's Descriptive Mineralogy, (E. S.) 8vo, half morocco, 

Mineralogy and Petrography. (J. D.) 12mo, 

Text-book of Mineralogy. (E. S.) 8vo, 

Minerals and How to Study Them. (E. S.) 12mo, 
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** American Localities of Minerals 8vo, 

Brush and Dana's Determinative Mineralogy 8vo, 

Rosenbusch's Microscopical Physiography of Minerals and 

Rocks. (Iddings.) 8vo, 

Hussak's Rock forming Minerals. (Smith.), . , 8vo, 

Williams's Lithology 8vo, 

Chester's Catalogue of Minerals 8vo, 

* * Dictionary of the Names of Minerals 8vo, 

Jlgleston's Catalogue of Minerals and Synonyms 8vo, 

Goodyear 's Coal Mines of the Western Coast. 12mo, 

Kunhardt's Ore Dressing in Europe • 8vo, 

Sawyer's Accidents in Mines 8vo, 

Wilson's Mine Ventilation 16mo, 

Boyd's Resources of South Western Virginia 8vo, 

*' Map of South Western Virginia Pocket-book form, 

Stockbridge's Rocks and Soils dvo, 

Eissler's Explosives— Nitroglycerine and Dynamite .8vo» 
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3 50 
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1 00 


350 


5 00 


2 OO 


3 00 


1 25 


3 00 


2 60 


2 50 


1 50 


7 00 


1 25 


3 00 


200 


2 50 


400 



'*I>rinker*8 Tunnelling, Explosives* Ck>mpound8, and Rock Drills. 

*4to, half morocco, |25 00 

Beard's Ventilation of Mines 12mo, 2 50 

Ihlseng's Manual of Mining.. Sro, 4 00 

STEAM AND ELECTRICAL ENGINES, BOILERS, Etc. 

Stationary— Mabine— Locomotive— Gas Engines, Etc. 

Weisbach's Steam Engine. (Du Bois.) 8vo, 5 00 

Thurston's Engine and Boiler Trials 8vo, 5 00 

* ' Philosophy of the Steam Engine 12mo, 75 

" Stationary Steam Engines 12mo, 1 50 

" Boiler Explosion • 12mo, 150 

'• Steam-boiler Construction and Operation 8vo, 

" Reflection on the Motive Power of Heat. (Camot.) 

13mo, 2 00 

Thurston's Manual of the Steam Engine. Part I., Structure 

and Theory 8vo, 7 50 

Thurston's Manual of the Steam Engine. Part II., Design, 

Construction, and Operation 8vo, 7 50 

2 parts, 12 00 

ROntgen's Thermodynamics. (Du Bois. ) 8vo, 5 00 

Peabody*s Thermodynamics of the Steam Engine 8vo, 5 00 

Valve Gears for the Steam-Engine 8vo, 2 50 

Tables of Saturated Steam 8vo, 1 00 

Wood's Thermodynamics, Heat Motors, etc 8vo, 4 00 

Pupin and Osterberg*s Thermodynamics .12mo, 1 25 

Kneass's Practice and Theory of the Injector 8vo, 1 50 

Reagan's Steam and Electrical Locomotives 12mo, 2 00 

Meyer's Modem Locomotive Construction 4to, 10 00 

Whitham's Steam-engine Design 8vo, 6 00 

" Constructive Steam Engineering 8vo, 10 00 

Hemenway's Indicator Practice 12mo, 2 00 

Pray's Twenty Years with the Indicator Royal 8vo, 2 50 

Spangler's Valve Gears 8vo, 2 50 

* Maw's Marine Engines. Polio, half morocco, 18 00 

Trowbridge's Stationary Steam Engines 4to, boards, 2 50 
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Tord's Boiler Making for Boiler Makers 18tno, $1 00 

Wilson's Steam Boilers. (Flather.) 12mo, 2 50 

Baldwin's Steam Heating for Buildings 12mo, 2 50 

Hoadley's Warm-blast Furnace 8vo, 1 50 

/Sinclair's Locomotive Running 12mo, 2 00 

<01erk's Gas Engine 12mo, 4 00 

TABLES, WEIGHTS, AND MEASURES. 

For Engii^bbrs, Mechanics, Actuaribs— Metric Tables, Etc. 

CrandalVs Railway and Earthwork Tables 8vo, 1 50 

Johnson's Stadia and Earthwork Tables 8yo, 1 25 

Bixby's Graphical Computing Tables Sheet, 25 

Oompton's Logarithms 12mo, 1 50 

Ludlow's Logarithmic and Other Tables. (Bass.) ....... 12mo, 2 00 

Thurston's Conversion Tables 8vo, 1 00 

Egleston's Weights and Measures 18mo, 75 

Totten's Metrology .....# 8vo, 2 50 

Fisher's Table of Cubic Yards • Cardboard, 25 

Hudson's Excavation Tables. Vol. II 8vo, 1 00 

VENTILATION. 

Steam Heating— House Inspection— Mine Ventilation. 

Beard's Ventilation of Mines 12mo, 2 50 

Baldwin's Steam Heating 12mo, 2 50 

Beid's Ventilation of American Dwellings 12mO| 1 50 

Mott's The Air We Breathe, and Ventilation 16mo, 1 00 

Oerhard's Sanitary House Inspection Square 16mo, 1 00 

Wilson's Mine Ventilation 16mo, 1 25 

Carpenter's Heating and Ventilating of Buildings 8vo, 3 00 

niSCELLANEOUS PUBLICATIONS., 

Alcott's Gems, Sentiment, Language Gilt edges, 5 00 

Bailey's The New Tale of a Tub 8vo, 75 

Ballard's Solution of the Pyramid Problem 8vo, 1 50 

IBarnard's The Metrologlcal System of the Great Pyramid. .8vo, 1 50 
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* Wiley's Yosemite, Alaska, and Yellowstone 4tO| |8 OO 

Emmon's Geological Guide-book of the Rocky Mountains. .8yo, 1 50 

Perrel's Treatise on the Winds 8vo, 4 OO- 

Perkins's Cornell University Oblong 4to, 1 60 

Ricketts's History of Rensselaer Polytechnic Institute Svo, 3 OO 

Mott's The Fallacy of the Present Theory of Sound . . Sq. 16mo, 1 OO 
Rotherham's The New Testament Critically Emphathized. 

12mo, 1 60 

Totten's An Important Question in Metrology 8yo, 3 60 

Whitehouse's Lake Moeris Paper, 25 

HEBREW AND CHALDEE TEXT-BOOKS. 

For Schools and THEOLooiCAii Seminaries. 

Gesenius*s Hebrew and Chaldee Lexicon to Old Testament. 

(Tregelles,) Small 4to, half morocco, 5 00 

Green's Grammar of the Hebrew Language (New Edition). 8vo, 8 00 

Elementary Hebrew Grammar. 12mo, 1 25 

Hebrew Chrestomathy 8vo, 2 00 

Letteris's Hebrew Bible (Massoretic Notes in English). 

8vo, arabesque, 2 25 
Luzzato's Grammar of the Biblical Chaldaic Language and the 

Talmud Babli Idioms 12mo, 1 50 

MEDICAL. 

3uirs Maternal Management in Health and Disease 12mo, 1 00 

Mott's Composition, Digestibility, and Nutritive Value of Food. 

Large mounted chart, 1 25 

Steel's Treatise on the Diseases of the Ox 8vo, 6 00 

" Treatise on the Diseases of the Dog 8vo, 8 50 

Worcester's Small Hospitals — Establishment and Maintenance, 
including Atkinson's Suggestions for Hospital Archi- 
tecture... . « 12mo, 1 25 

BftmuitiMctin's Physiological Chemistry. (Mandel.) 8yo, 4 00 
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